
CHAPTER 111- SUMMARY OF WESTERN NORTH PACIFIC
AND NORTH [NDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

During1985,JTW issuedwarningson 27 western
NorthPacifictropicalcyclcnes(1 trcpicaldepres-
sion,9 tropicalstorms,16 typhconsard one super-
typhoa-1).This was a3.mostan averageyear when
ccWared to the cl.in=tolqicalman of 27 fm the
frequencyof tropicalstormsand typkmns. Six north
IndianOcean trcpicalcyclones,all of trcpicalstorm
intensi~, develqed as canparadto the cMmatologi-
cal averageof four. In sumnary,JTW2 issuedwarn-
ings m 33 northernhemispheretropicalcyclmes.

In 1985 for the =stern NorthPacificthere
were 127 warningdays - a warningday is definedas a
day duringwhichJTW2 issueswarningscn at leastone
trcpicalcyclcne. For 38 of these127 days,warnings
were king issueda two trcpicalcyclones. lhere
ware also 2 three-cyclcnedays, 2 four-cyclcnedays,
and one day in whichJTW issud warningsm five
differentWESTPACtrcpicalcyclcmesat the same time.
Wherethe north IndianOcean trcpicalcyclcnesare
included,therewere 141 mrning days,41 bm-
cyclonedays, 3 threecyclonedays, 3 four-cyclone
days ard 1 five-cycloneday.

Six hundrsdad fifteenwarni~s were issuedon
the 27 westernNorthPacifictropicalcyclmes and 54
were issuedcn the six north IndianO@an tropical
Cyclales. There were 39 initialTrcpicalCyclcme
FormationAlerts (’I’@A)for WESTPACand 8 for the
north IndianOcean. In WES1’PAC,=As were issued
for all exceptone of the significanttropical
cyclcnesthatdevelcpedduring1985. The falsealarm
rate of 33% for WESTPACseemsfairlyhigh,hcxvever,
it did enableJ’IW to providethe custcmerwith an
man led timeof 27.5hourscn significanttropical
cyclcmedevelqxnant. For the North IndianOcean
TCFAswere issuedfor all but one of the signif-
icant tropicalcyclmes. The falsealarmrate for
TCFAS was 38% with a mean led time of 20.2hours.

2. WESTERN NORTH PACIFIC

TROPICAL CYCLONES

Thereare severaltiterestingaspectsof the
1985 trcpicalcycloneactivity. In general,it can
be neatlydividd into @m pericds:the earlypart,
Januaryto Augustand the late,Septenberto Eecsnber
(seeccnpositetropicalcyclcmebest trackscn pages
15 ad 16). The early 1985 ccaqmsitebest tracks
shcw that the overwhelmingmajorityof the tropical

cyclonesduringthat pericdrecurw d, that is: 11
recurversversus3 was.t-ncrthweststraightrunrers
and one lcw-latitudetropicalstorm (Fabian)which
tehaved=ratically. l%is is aunawhatatypical
since, normally,them jority of the recurvers cccur

during the later ~t of the year when breaks in tie
subtropical high pressure ridge develcp as the

influence of the mid-latitude trcughs extends further
south with t~ approach of fall. me Philippiw
Islandsw.?reaperedduringthe firstpart of the
ye=, exept fcu a glancingblew frcm TyphconHS1 in
June. Hmaver, during thatpericd,no less than8
tropicalcyclonesaffected,or FCSed a direct threat
to, Okinawa,Koreaand Japan. In acme ca~ the same
trcpicalc@ore affecteilall three. Noticetbe
pint 200 m (370km)South-satheastof Okinawa—
four,ard nearlyfive,clifferent trqical cyclore
tracksintersectedat that location. The major
genemticn areasduringthe firstpart of the year
wsre: a two-to-threedegreeswathoenteredcn six
degreesnorti I.atitde,fran the southeasterncoast
of the PhilippineIsLamlsto near Ponspe;another
area northof Guam;and a thirdares scuthof
Okinawa.

A majcr &ift in trcpicalcycla?eactivity
occurredduringthe secondpart of the year (see
~ite best wacks cn page 16). Notice that~lY
2 trcpicalcyclcmesrecurvad. Whereas,Japan arrl
Koreareceivedthe brunt of the trcpicalcyclcne
activitythe firsthalf of the year, it was tk
Philippinesand Vietnamwhich suffarednmst during
the Secoti. ‘ibreetyphoonsand ona supertypti
transitedLuson. In tiditicn,one ty@ccn crcsaad
the southernPhilippineIslands. Three typhoons
affectednorthernVietnamand a total of 4 ty@ccna
and 4 trcpicalstormsstruckthe Asian minlard fran
southernVietnamto the vicinityof Horg Kong. The
major generatia areaawere:one west of Pal.swan
Islandin theSouthChina Sea, ard the other rnuth
an5 southeastof Guam.~is contrastswith the first
part of the year, when generation locaticns were more
evenly distributed over WTPAC.

In the westernNorth Pacific,tropicalcyclcmes
reachingtropicalstorm intensity,or greater,are
assignednames in alphabeticalorder frcm a list of
alternatingmaid femalenames (referto AppendixII).
Table 3-1 provid~ a surmnaryof key statisticsfor
all westernNorthPacifictrcpicalcyclones. Each
trcpicalcyclcne’smaximnnsurfacewind and minimum
sea-levelpressure(inmillibars) were &tained fran
best estimatesbased cn all availabledsta. The
distan~ traveld was calculatedfrcm the JT$Y2
officialbeat tracks (seeAnnex A).
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Tsbles3-2 through3-5 providefurtherinformat-
ion cm the monthlyend yearlydistributicmof trop
icsl cyclones,warningsend TrcpicalCyclone
FormationAlerts.

TAELE 3-1. WESTERN NORTH PACIFIC

1985 SIGNIFIwT TROPICAL CYCLONES

‘TROPICALCYCLONE

OIW TS ELSIE
02W TS FAEIAN
03W TY GAY
04W TD 04W
05W TY HAL
06W TY IRMA
07W TY JEFF
08w TY KIT
09W TS LEE
10W TY MAMIE
llW TY NELSON
12W TY ODESSA
13W TY PAT
14W TS RUBY
02C TY SKIP
15W TY TESS
16w TS VAL
17W TS WINONA
18W TY ANDY
19W TY BRENDA
20W TY CECIL
21W STY DOT
22W TS ELLIS
23w TY FAYE
24w TS GORDON
25W TY HOPE
26w TS IRVING

CALENDAR
DAYS OF

PERIOD OF WARNING WARNING

07 JAN - 09 JAN 3
09 JAN - 13 JAN 5
21 MAY - 26 MAY 6
18 JUN - 20 JUN 3
19 JUN - 25 JUN 6
25 JUN - 01 JUL 7
22 JUL - 02 AUG 12
03 AUG - 11 AUG 9
11 AUG - 14 AUG 4
16 AUG - 20 AUG 5
17 AUG - 24 AUG 8
23 AUG - 01 SEP 10
27 AUG - 01 SEP 6
28 AUG - 01 SEP
30 AUG - 08 SEP 1:
01 SEP - 06 SEP 7
15 SEP - 18 SEP 4
19 SEP - 22 SEP 4
28 SEP - 02 OCT 5
29 SEP - 05 OCT 7
12 OCT - 16 OCT 5
13 OCT - 22 OCT 10
16 OCT - 20 OCT 5
23 OCT - 01 NOV 10
20 NOV - 26 NOV 7
17 DEC - 24 DEC 8
18 DEC - 21 DEC 4

NUMSER OF
WARNINGS
ISSUED

9
16
22
10
22
27
43
33
15
17
27
39

;:
34
22
14
11
16
25
16
34
19
39
23

::

1985 TOTALS: 127* 715

* OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.

MAXIMUM
SURFACE

WINDS-KT (M/S)

40 (21)
55 (28)

100 (51)
30 (15)

100 (51)
90 (46)
75 (39)
85 (44)
60 (31)
70 (36)
95 (49)
90 (46)
95 (49)
55 (28)
80 (41)
75 (39)
50 (26)
50 (26)
70 (36)
90 (46)
100 (51)
150 (77)
50 (26)
100 (51)
45 (23)
100 (51)
60 (31)

ESTIMATED
MSLP. MB

995
989
951
992
942
957
967
959
985
975
961
957
961
982
974
967
992
990
970
964
944
897
995
960
997
948
994

BEST TRACK
DISTANCE

TRAVSLED-NM (KM)

976 (1808)
507 (939)

1464 (2711)
441 (817)

1305 (2417j
2413 (4469)
2668 (4941)
1953 (3617)
1326 (2456)
1335 (2472)
1651 (3058)
2328 (4311)
1337 (2476)
1310 (2426)
1822 (3374)
1470 (2722)
1630 (3019)
518 (959)
705 (1306)
1551 (2872)
1034 (1915)
3074 (5693)
1046 (1937)
1849 (3424)
797 (1476)

1444 (2674)
806 (1493)

TARLE 3-2. 1985 SIGNIFICANTTROPICALCYCLONES

WESTERN
NORTH PACIFIC (1959-1985)

JAN FES WAR APR MAY JUN JUL AUG SEp OCT NOv ~ = ~ -

TROPICAL
DEPRSSS1ONS 000001 000000 1 3.7 99

TROP1CALSTOIN4S 2 0 0 0 0 0 0 2 2 1 1 1 9 9.9 268

TYPHOONS 000012 153401 17 17.3 468

ALL TsOPICAL
CYCLONES 200013 175512 27 30.9 835

1959 - 196>
AVERAGE .6 .3 .7 .8 1.3 2.0 4.7 6.3 5.7 4.6 2.6 1.4 30.9

CASES 15 8 18 22 34 54 128 170 153 124 71 38 835

FORMATIONALERTS: 26 of 39 Formation Alerts developed into significant tropical cyclones.
TropicalcycloneFormationAlertswere issuedfor all exceptone of the
significanttropicalcyclonesthat developedin 1985.

WARWINGS: Numberof calendarwarningdays: 127

Numberof calendarwarningdays with
two tropicalcyclonesin region: 32

Numberof calendarwarningdays with
threeor more tropicalcyclonesin region: 6
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TABLE 3-3.

FREQUENCY OF TYPHOONS BY MONTH AND YSAR

YEAR JAN FEB MAR APR y?& JUN JUL AUG SEP OCT NOV OEC TO!2AL—

(1945-1958)
AVESAGE .4 .1 .3 .4 .7 1.1 2.0 2.9 3.2 2.4 2.0 .9 16.3

1959 000100 153322 17

1960 003102 280411 19
1961 0110213 35311 20
1962 0001205 72430 24
1963 000112 33340 19
1964 0000226 3534 : 26

3.965 1001224 35210 21
1966 0001 1364201

:134433 0
20

1967 0011 20
1968 0001111 435 0
1969 100100 2323 :0 :;

1970 010001 042310 12
1971 00 312635 10

:01144 3:22
24

1972 10 22
1973 000000 422400 12
1974 000012 123420 15

1975 100000 134 20 14
1976 1002.22 214 :10 15
1977 000000 302 1 11
1978 000100 324 : ; 15
1979 101100 22321 ; 14

1980 00002 325210
;2241

15
1901 00100 2 16
1982 002011 253 :1 19
1983 000000 321 :20 12
1904 000000 421531 16

1985 000012 153401 17

(1959- 1985]
AVSIL4GE .2 .04 -2 .6 .S .9 2.7 3.3 3.1 3.1 1.6 .6 17.3

CASES 6 1 6 15 21 25 74 90 85 85 43 17 468

TABLE 3-4.

F3GW3BNCY OF TROPICAL STORNS AND TYPHOONS BY MONTH AND YEAR

YEAR JAN FEB NAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL—— —. . . . . . . —- —

(1945-1958)
AVERAGE .4 .1 .4 .5 .8 1.3 3.0 3.9 4.1 3.3 2.7 1.1 21.6

1959 011100 366422 26

1960 0001133 10341 27
1961 1111325 4651 : 31
1962 010120 673532 30
1963 00 01134 35503 25
1964 0 0 0022 797661 40

1965 2211235 67221 34
1966 000121 58 321 30
1967 1021116 8 ;431 35
1968 0001113 3640 27
1969 1011003 :3321 19

1970 010002 26454 0 24
1971 1013428 46420 35
1972 1000136 54523 30
1973 0 0000075 2430 21
1974 1011144 55442 32

1975 10000 245530 20
1976 11022 :445112 25
1977 0010014 15421 19
1978 1001034 7 4 30 28
1979 1011104 2 ;322 24

1980 0001414 2 411 24
1981 0012 02 57 :232 28
1982 0030134 55311 26
1983 0000013 52552 23
1984 0000025 54731 27

1985 20 0012175 512 26

(1959-1985)
AV8RAGE .5 .3 .5 .8 1.1 1.6 4.3 5.4 4.9 4.1 2.4 1.2 27.3

CASES 14 7 14 21 30 44 117 147 131 112 66 33 736
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TABLE 3-5.

YEAR

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

(1975-1985)
AVBRAGE

CASES

NUMBER
OF ALERT
SYSTEMS

34

34

26

32

27

37

29

36

31

37

39

32.9

362

FORMATION ALERT SUMMARY

W3STERN NORTH PACIFIC

ALERT SYSTEMS TOTAL
NHICH BECAME NUMBERED

NUMBERED TROPICAL
TROPICAL CYCLONES CYCLONES

25 25

25 25

20 21

27 32

23 28

28 28

28 29

26 28

25 25

30 30

26 27

25.7 27.1

283 298

DEVELOP14ENT
UTE

74%

74%

77%

84%

85%

76%

97%

72%

81%

81%

67%

78%
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TR3PICAL.SIOF@lELSIE (OIW)

TropicalStormElsie,the firsttrcpicalcyclone
of the 1985 seascn,was also the first tropicalstorm
to dwelop duringJanuaryin six years. Warnings
were issuedfor mly two days and it neverintensi-
fiedbeyond40 kt (21#s).

Duringthe firstweek of Januarythe near-equa-
torialtroughwas @& active,and extendedfran the
southernPhilippinessoutheasttm the vicinityof the
Equatorand 160E. IMedded in this troughwere two
%ak circulations,one southwst of Guam whichwould
laterdevelopintoTropicalStormFabianand another
southeastof GUSM whichwould eventuallydevelcp
intoElsie. Enhancedconvectiveactivityprsistad
throughoutthe region.

The clcudsystemthatwas to becameElsie first
appearedon 4 Januaryaa an area of weak convection
southwestof Pohnpei (~nape w 91348). The convec-
tionpersistedthroughthe 4th, and m the 5th began
to increasein strengthand organizatim. At 00002
on the 6th, analysisof satelliteimagerygave the
firstindicationsthat a lwlevel circulationcenter
was developing. Sparsesyncpticdata up to this
t.im had only indiceti that a vary broad 10 to 15 kt
(5 to 8 #s) cycloniccirculationwas present. The
persistenceand improvedorganizationof the convec-
tia resultedin the disturbancebeingnnzmtionedin
the 0606002SignificantTrcpicalWeatherAdvisory
(A13mPGIw). The disturbancewas assessedas having
a “fair”potentialfor furtherdevelopment(meaning
that it was consideredlikelythata !I@A wouldbs
issuedduringthe next 24 hours). Indeed,thiswas
the case.

Analysisof satelliteimageryduringthe next
ten hourssho+d continueddevelcgmnt, with Dvorak
intensityanalysisof the 0616002imageryestimat-
ing-surfacewimis of 25 kt (13I#s). This was
confirmedby a late0612002ship reportmar the
PbrtlcckIslands(SatawanAtollWMI 92338)which
observedmxthwast w- of 30 kt (15tie.).Aa a

result,a ‘lCFAwas issuedat 0617002.

Just prior to 070000Z,the firstaircraftrecon-
naissancemiasicmwas conductedMm ttedisturbance.
It locateda 25 kt (13n#s) circulationenter at
062238zapproximately60 nm (111km) northeastof the
Mxtlmk Islandsrear 5.8N 154.4E. As tieW-130
exitedto the southwesta shorttime later,a small
area of 30 kt (15tis) surface windawas cbserved.
This prcmptedthe firstwarningon Elsie,as a 30 kt
(15K#s) trcpicaldepression,valid at 070000z.

Elsie was upgradedto a 35 kt (18m’s) trcpical
stormat 0706002based m ayncpticdata receivedfrctn
the MnrtlockIslands. The tropicalcyclonebriefly
attainedan intensityof 40 kt at 0712002.

Fran the tim Elsiewas detecteduntilthe time
J’lWCwent to warningstatue,the disturbance had
moved to the northwestat about7 kts (13kdhr) .
After 0700002,however,Elsie accelerate to the
northwestas it moved aroundthe westernperiphery
of the subtropicalridge,passingeast of Truk
(~ 91334)at aboutO71OOOZ. As Elsiemcved f~er
north (Figure3-01-1)it encounteredstrongsoutherly
witisaloft freinan upper-levelanticyclonasouthof
Wake Island (WM391245). These winds ehearedoff the
centralconvection. Aa a result,Elsiequicklylost
all organizaticmand rapidlyWakened. Its low-level
circulationcculdnot be lccatedtn satelliteimagery
or W aircraftreconnaissanceafter O821OOZ. ‘l’he
finalwarningwas issuedat 0900002.

Aa Elsie passedeast of Guam it did enhancetie
tradewinds,with gusts to 31 kt (16II#s)~emed at
the U. S. NavalOceanographyCcxnmardCenter/Joint
TyphoonWarningCenterbuildingon Nhitz Hill.
AfterElsie dissipated,a secondarycirculatia
formedin its wake near Guam and persistedfor two
days untilit also moved to the !mrtkast and dis-
sipated.

Figwvz3-01-1. Tfiop&a.tStem E&iQ wetdwdng
Aoutkt?dt Od Guam. La.tQA,&tionguppeI-.&@& wind
noz.thad E&ke ~kemed mug .tkecen-t@lconvection.
ltapidwtikeni.ngand di.6@mtion quickly 6oU.owed.
(The dibtiance $kat woutd~oon devctopinto
Ttop.iu.tStOm FabianiA Locatedto the notikm6t o~
E.Lbie) [Oi10047ZJanuazgIX(.SPwL6uali.maget.g).
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TFKIPICALSlX3RMFABIAW (02W)

Figuze3-02-1. The developmento~ Tfiop.ica.tSto?uu
Fabianmo,tked-the &LILAttime .& &tet@ geam -thattwo
tiop.icdbiOJOtLA ~omned in (UESTPACdwz.imgJaw.uuy.
Fabiandeveloped & the weh.te.znend o{ the
neat-equa.tozi.dtiough, and ah a fiehu.tthad majoa
hI.&AActi.mLAw.+ the notiheiu~motioon. NOZ
~tipti.ixglij,the ~tiongti~w.itiwae coti.i6Zen@
obAe-wed in the tiopic.dcyclone’b weh.tehn Aem.i-
cimte, whtie the gn.ad.ientbeiween the .&w centz.at
pwubtie o{ Fabianand the highs pAeAAu4eAo~ the
Sibcti.anaticyclone waA the gfiea.ttit.Tht [aboue]
Aa.tetl%ei.magcmy Ah& Fabian,ah a weakening
Tfiopiti%onm, with a wtU-de@vul .tmo-fkuet
dmdution. Fabian’A huo-leud &tcu.&.tion WUA
expo~ed dot much 04 .i..tALid&time due .toA.tlong
uPP~-@ti W&dA @om the Aou.thwhich Ah~ed the
conve~on fo Ihe notih. The Thopicut MOW pahbed

VW ~oAe ~0 yap (wMO91413)and cau.hedcotiidet-
abte cRop damageon home o{ -theouzeI .4i?.andA
(10063OZ Janu@y NOAA vima.timagezy).
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TYPH03NQLY (03W)

TyphconGay was the firsttropial cycloneto
reach typhmn intensityin 1985. It was also the
season’sfirstto enter the mid-latitufk?westerlies
and recurve. The formationof Gay foil- nme ban
fourmonthsof inactivityin WESTPACand markedthe
startof the 1985 summr tropicalcyclme seascn.

‘lTetropicaldisturbancethat eventuallyinten-
sifiedintoTyphoonGay was firstdetectedby syncp
tic dab on 16 May as a mak surfacecirculaticm
380 nm (704km) wast-sathest of Koror (WM391408).
The convectionin this ares ap~arsd to be Kandcin.
Anotherarea of disorganizedconvectionwas
developingfurthereast along139E urderan area of
upper-leveldiffluenceassociatedwith a westmrd
movingupper-levelanticyclone.To the north, a
tropicalupper-trcpos@erictrough (TWIT)extended
fran the VolcanoIslandssouthwestto justeast of
the Philippines.Figure3-03-1shows themovements
and lccationsof the upper-levelanticyclcnicard
low-levelcyclcmiccirculationsover a fiveday
perialas @y went throughits formativestages.
Althoughtie upper-leveland lc+level circulations
becamenearlyverticallyalignd on 19 May, the
disturbancestillstruggledfor Wo more days befcxe
reachingtrcpica1 stormintensity..Theumst probable
cause for this 51W intenaificationwas the clcse
proximityof the TU1’Tto the north,whichrestricted
the uppr-level outflcw to the !mrthwest(Figure
3-03-2).

‘i
KIN+

~1

D

+

n● — 10w- LSVE1
CIRCULATION

*— UP?[R-UVEL
ANTtC?KLONE

+

+

F.igtie3-03-1. The.hep-!otiAhw the pObi..I%W and
movementh o{ the uppe.z-4.eueLan.ticgtioticand R.OW-
LeueL cytioticticul.atiotitig Gag’A tjofuna.tive
pez.iod.The juxxixpohi-tiono~ -theAeUPPVL-and &w-
Level ticu.t.dionhon 79 May UALLUL!Y.Lndica-tuthe
ZAOPLULZ cycloneA fieachingmoXuz&y. Hrxueva,the
pae.hence06 the TUTT .tothe noti and noh.tkiueht.iA
thought Zo have hpeded devtiopmeti -thoughthe ‘Z1At.

Between00002and 06002on the 19th @o differ-
ent tacticalD14SPsites,based upon Dvorak intensity

analyses of satellite imagery, estimated that tie

disturbance had 30 kt (15tis) surfacewinds. These
increasedintensityestima=s were foundd cn the
more organizedintenseconvectionassociatedwiti the
uppsr-levelcirculationcenter,whichwas thendis-
placd approximately5Q nm (93Iun)southeastof the
surfaceoenter. These satellitereconnaissance
inputsprarptd a ‘ICFAto be issuedat 1908002.
At tie tima of the ‘ICFA,sparsesynqtic data near
the disturban= centercculdnot confirmthe satel-
lite derivedintensities.Hcwever,syncpticdata on
the priphery of the disturbanceimpliedthatat
leasta 15 kt (8tie.)circulationwas present. Until
this tire,the only reportedstrongerwind was the
gradient-levelwind at Koror (WM391408)which
increasedfran 9 kt (5tis) at 171200Zto 27 kt
(14tis) at 1800002as the disturbancepassedwest
of the islandlate cn the 17th. For the remaimier
of the 19th and into the 20th,with the ‘II?I?Tcon-
tinuingto exert influencecn the disturbame, there
was m significant~rovement in the tropical
cyclone’sorganization.As a result,the lCFAwas
reissuedat 2007002.

Figtie3-03-2. The ZJLopkcd titia.nce, wtich wou-fd

.hZW devtiop into TyphoonGay, i.Ahz.tazatig with
the uppem-LeueL tzough XO the nox.thueh.t.The outd.tcw
h hehtzitied on the noL#noeh2bide o~ the .ULOp.ical

cyc%lone(20051~Z Mug NOAA vima,t.imag~).

The firstwarningon Gay was issuedat 21OOOOZ
aftervisualsatelliteimgery showedthe comae
tion was developingover the low-levelcirculation
and Dvorakintensityanalysisestimatedthat 35 kt
(18#s) surfacewindswere present. The presenceof
the upper-leveltroughand its restrictiveinfluence
on outflcwaloft stronglyinfluencedthe intensity
forecastscm the firstnine J’lWJwarnings. @y was
exL==tedf= stremthen cmlY SIWIY, then msintdin

23



intensityor -ken slightlyin the exterdedout-
lcokperids. These scenariosa~ared validbased
a satelli@ derivedintensityanalysesan5 fore
casts,and on expectationstit the upper-level
trcughwculdpersist. Post-analysisreveale5these
intensitieswre consistentlylW. This ~s prf-
marilydue to the lack of any aircraftreccmnais-
sanceor synqtic data confirmingthe intensity,
aIW3partiallydue to the TU’lTweakeningfasterthan
P*.

Gay attaind typlwxmintensityat ai.mut2300002
justprior to the firstaircraftreccmaiasancepe32e-
traticnat 2308302. The AerialReconnaissan=
WeatherOfficer (ARPO)re~rted Gay as very ccnpact,
with 65 kt (33tis) surfacewimis surroundinga 15 nm
(28km) diametereye, and a 971 mb mininm sea-level
pressure (ISLP). Gsy’s intensificationto ty@cxm
strengthcan be attributedto the significanttwsak-
eningof the ‘IWrl?on the 22nd and to its tightcir-
culation. In this case,the Typhoon’ssmallsize
allowedit to mature in an area where a largercir-
culationvmuld have interactedunfavorablywith the
surroundingatmxphere. Consequently,Gay became
verticallystackedatxidevelopeda ragge5eye while
nmvingnorthwestwith M mid-levelsteeringfb
aroud the westernperipheryof the subtropical
ridge. This set the stagefor TyphofnGay’S find
@ase.

By 2300002,with a frontalboundaryand associ-
ated mid-latitutktroughquasi-staticmaryacross
the Ryukyu Islands,a reCUrVatLUescenarioseemd
most prcbable. J1’W2incorporatedthis into the
warmingsand calledfor recurvaturealcng the
subtropicalridgeaxis near 22w in 48 hcurs. ‘Ibis
scenariowas aheadof all forecastaids (Figure
3-03-3),especially the CnKT4(One+#ayInteractive
l’rcpicalCyclme Mel), J’IW~sbest forecastaid.
With Gay continuingto intemsifyand move northwest,
KadenaAB (~ 47931)set Conditionof ReadinessIII
at 2322302. Fortunately,cay came umier the influ-
ence of the mid-latitudewesterliesand recurved
earlierthan forecastmssina well SOU~ of Okinawa.
Just prier to“~y’s r=ake, anothermid-lati-

20N+
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O M+
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0 ‘..
●+
“.

2ow ●. +
“+

(7 23moz~

(f
15N+ + + + +

11OE 120E 120E 12SE 140E

tude mid-leveltroughbegan to dig unseasonably
aou~d acrceseasternChina zrxthwestof -y.
This apparentlyincreasedthe upper-leveloutfla
_ of the troughand may be the reascnwhy Gay
ccatinud to intensifyfor 6 to 12 hours after
recurvature.Gay reacheda Pak intensityof 100 kt
(51D#s) between2406002and 2412002 (Figure3-03-4).
~s intensificationcorrelateswell with tie studies
by R.iehl(1972)and Guard (1983)cn the intensifica-
tionof recurvingtropicalcyclonesb WE6TPAC.

After recunature, Gay started a gradual ~1-
eration ta the northaast with satellite imagery in-

dicating interaction with the frental boundary begin-
ning at 2412002. By 06002on tie 25th,Gay was
entrainingmodifiedpolar air inti the lcw-level
circulationacd the eyewallwas disintegrating.
Extratropicaltransitionhad begun az15the intense
centralconvectionstarteddisplacingoutward. A
steadydecreasein convectiveorganizaticmand in-
tensitycontinuedas the mid-latitudetroughmoved
rapidlyeastwardfran the YeI.lcwS= over JaFan.
Gay was downgradedto a TropicalStorm at 2600002.

Figune 3-03-3. Thebc plot-ted{ozeuzb.t@ uwe
availableto the TyphoonVu@ O~&cu (TOO)a-tthe
-timethe ~.ihh.tnewwa-tune dofiecabtLOabiAbued.
OTCM, JTWC’b but aid, ~ai&ed to pnedi@ the
?ectivo..Ztie.OTCIAguidancefiepea-tedtgdtied -to
(o.temt fiecunvaiuhe, in th.d cabe, until ai.tm if
M ac~uu.i?l.g occuzked!



Figure3-03-5shcws the effectof the strongvertical
wim3 shear cn the remainingconvectionfran the
storm’scirculation. Gay ccmpletcrlextratrcpical
transitionat 2606002when the finalwarningwes
issued.

After ccqleting extratropical transition, the
nearly convecticm free lcw-level circulatim drifted
eastwardand eventuallydissi@ed. There were no
re~b uf lives lost w damage to shippingfran
TyphccmGay.

F.iguze3-03-5. h Gug cornpkkttiU.ttoxtophtt
z%atii.tion,the uppti-&ZvtiWUW&iti a-teAaz4i.ng
the conuwt.hn swag to tha notihwt o{ Zhe &xo-
Levat c.i.zcuh.timncetia (2604132 L@ NOAA vtio.at
inlagVyl .
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TYPIKxNH?!L(05W)

TyphconHal, the fifthtrcpicalcycloneof
the 1985NESTPACseascn,develcpedfran a southwest
monsom troughdisturbance. HS1 caussdconsiderable
forecastdifficultiesbecauseJ’IWC’sprimaryforecast
aid, OICM, was unableto resolvea narrcwmid-level
subtropicalridgedue to its relatively coarse grid

spacing.

AfterTyphOcmGay ccnpletedextratrcpical
transitionon 26 I@y, a springtimeweatherpattern
returnedto the tropicalwesternNorthPacific.
A strongtropicalqper-trcgmspherictrough (’TWIT)
becam establishedover ntxt of the area,resulting
in strongsurfaasridgingfranthe Datelinewestward
to the Malay Peninsulaand a largescale s~ressicm
of convectiveactivity. Transientmid-latitude
shortwave troughspassednorthof a quasi-stationary
Polar frontthat extendedfrcmnear HainanIslam-1
to about300 nm (556km) northof tinami+orishima
(WM247991). By 1 June,a weak lcw-levelsouthwest
mcnaccnflowhad returti to tie SouthChim Sea.

Therewas a significantsurgein the scuthwest
nKmsccnCamnenciq on 8 June,and by 12 June the
lw-level southwestmasccn f?.cwextendedas far
eastwardas Guam (M 91212).

Typhmn l+alwas firstdetecttias a weak trcpi-
cal disturbancein the near-equatorialtroughat 05N
154Eon 11 June. The disturbanceshe ~ organi-
zationas it moved slcwlywestwardduringthe next
threedays. ~st of the intenseconvectionwas
locatedwest of the lm-level circulationcenterd
showedsignsof cress-equatorialoutflcwafter 14
June. On the 15th, the disturbancebeganmoving
west-northwestand showedsigns of increasingorgani-
zation. By 18 June, the disturbancehad mergedwith
the stronglcw-levelsouthwestnxms.ocnflow ard had
takencm the characteristicsof a monsocmtrough
disturbance.As shu,.min Figure 3-05-1,the distur-
bancewas shearedfrcm the northby ~per-level flow
which lefta broad,weak l-level circulationin

Figume3-05-1. The tiop.itid-ktuzbance.thal
devtiped into Typhoonfiatwith .Wcong uppeA-tLwti
Ahea,JL&Lom .thcnozth con{ini.ngthe .Ln.tQn-Ae convmt-

.ion .tothe Aouthbemici.mte. th@ bULt-t@@?d C.umU&LA
tie evident in the noz.th~emitide. The .&!-leuet
c.i.tcu-taaXon.iAin -thedonm 06 a bfioadZ.toughaX .thiA
lime [l~0571ZJune NOAA vi.buo.limag~] .
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the northsemicirclewith scatteredcumulusclads.
The intenseconvectionwas locatedin the southsemi-
circlewhere the upper-levelflowwas divergent
towardthe southwest. By 1800zm the 19th,
satelliteimageryindicatedthat the upper-level
shear frc?nthe northhti decreasedand thata
tropicalcyclcnescale lcw-levelcirculationhad
formed. The systemhad been the subjectof a TCFA
for 40-hourswhen the firstwarning was issuedat
1918002. Once convecticmstartd to app2arin the
north semicircleand the systernshcwedsignsof
cirrusoutflowtowardthe north,intensificaticn
prcceecklquickly. ~ 2006002,only 1.2-hoursafter

the firstwarning,the cyclo~ hsd reachd typhccn
intensity. Figure3-05-2shws a plot of the air-
craftreconnaissancemissicnflcwn at that time.
Noticethe locationof the maximumsurfacewinds.
In this case, the maximumsurfacewindsare located
aPProxi~telY91Jnm (167km) from the centerof the
cyclone. This largeseparationis a characteristic
of many cyclcnesthat evolvefran strongmmsoon
troughs. TyphconHal continuedintensifyingduring
the next 24-bars and develcpeda large,raggedeye
as shcwnin Figure 3-05-3. This featwe is also a
characteristicof this typeof cyclcne. The satel-
litepicturealso shw a ~ cell lcxatedeast of

18N

17

16

15

14

13

121
12

I A’. ,,. I x..;W I Mwo,3wwl---~L4---L4~

F.igume3-05-2. P.to.t0{ tiwuafjt hewnnai.b4ancednta
{hOm 200500Zah 201000ZJune~howing the maximum
AWLdaCCwind Located appfiox,imti@f 90 nm {167 km]
daomIhc cgclonecentti.fttiFwttacphu eti the mo.x.imm
obbwcved &&ght Leve-?w.inh and “w” zeptebeti the
mtium huh~ace w.inch obbwwed.
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Hal that enhancedthe upper-leveloutflcw patternin
thatdirection. Figure3-05-4shcwsTyphconHal near
the timeof its maximumintensity.

Except for a few short-termvariaticms,Hal
nmved in a wast-northwestwarddirecticmduringits
five-daylifetimeas a tropicalstormand typhcon.
This is interpretedin post-analysisas a rmrmal
scuth-of-the-subtropicalridgetrackmovement.
Figure3-05-5shcws tie 500 mb wind patternat

201200Z,18-hoursafter the firstwarningwas issmd,
but stillrepresentativeof the environmentpresent
throughoutHal’s lifetirn=.Nob tt= n=r~ s-
tropicalridgemrth of Hal that extendswes-d
tcwardsChina. Based cn just thispatternacd
assumingthat it would persist,a forecasttrackof
west-northwestwould have been a gcxd choice.
Ha?ever,XW’s primaryforecastguidance,the WKM
(One-wayInteractiveTrcpicalCycloneMcdel)

10N ),
u’ F

I1OE 130E 140E 1s0E
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consistentlyindicateda mere mxthward. and even a
rs+mrvingn&theastward,track. Figure”3-05-6is a
plot of the OICM forecasttracksstartingwith the
one cm which the firstwarningwas based. J’FW2
follcwedthe guidanceofferedby the CYIVM,and aa a
result,the forecasttrackswere consistentlynorth
of Hal’s actualtrack. In post-analysisit is
apparentthatO’ICMwas unableto resolvethe narrcw
mid-levelridgebecauseof the relativelycoarsegrid
size (205km) that the mdel uses. The flew that
CIICM“saw”influencingthe movenentof Hal was the
westerliescn the nortiside of the ridge. This
resultedin the oxthward and recurvingccmponentin
the UF.2Mforecasts. This situationwill likelyarise
againin tie futureyears,and will be clcsely
watchedfor by the forecastersat J’IW as a resultof
this qrience.

The Philippineislandof Luzon experiencedthe
strongesteffectsas the centerof TyphconHal passed
just 30 nm (56 km) off the rnrthcoastand wastward
thrcughthe Luzon Straits. The deati tollwas 23
~rsons with nine othersreportedaa missing. There
was widespreadflccdingard cropdamage. Total
damagewas estima~ at more than$10 milli.cn.Eight
crevmw?nof the US Navy frigateKirk (FF-1087) were
injuredwhen a largewave crashedover the h. The
ship was operatingin the SouthChinaSsn about5 mn
(9km) southwsstof SubicBay. High winds caus~
superficialdamage to the hull.of the destroyer0SS
Oldendorf(D-972) when a drifting,unnmned barge
struckthe shiu while it was moral at Subic*Y.

TyphccmIrma approachedfrcm the -st, SubicSay
receivsd30 in (762 nrn)of rainfa11 duringthe perid
26-28June as a resultof the stronglcw-levelsxwth-
west mcnsocnflow thatcontinuedover the ar~ after
Hal had mcved intoChina and dissipatedas a signifi-
cant tropics1 cyclone.

Taiwanwas also affectedby TyphocnHal as it
causedstrongwindsand heavy rains. 11.mpecple
died, 18 injured,and five peoplelistedas missing
as a resultof the typhcmn. EasternTaiwanexperi-
enced the heaVleStrainfall,with almost9 inches
(229mm) being reported. The heavy rainfallcausad
flocdingthat was res~nsible for mcst of the death,
injury,and damage.

TyphocnHal made landfallapproximately75 m
(139km) east-northeastof Hong Kong (~ 45005)at
2405002. Maximummean hourlywind speedreportsdat
the RoyalObservatorywas 22 kt (11#s) frcmthe
west-northwest,with a peak gust to 49 kt (25Q#s).
A gust to 50 kt (26tis) was recorde5at the Hong
Kong InternationalAirport (WM345007). Scme minor
injurieswere rqmrtsd and the propertydamagewas
slight. All @es of transpctaticmwere disruptsd
on 23 and 24 June. Heavy rain on 25 and 26 June,
afterlid bad moved inland,causednumerouslam3-
slidesin the Hong Kong area with only a few minor
injuries.

Over mainlandChina,13 more peopledied with
sane 40,000hcxnesand 321,000acres (130,000hect-

Strongwinds tixe tie barge fran its mxuing in area) of cropsdamaged.
mid-harborshortlybeforethe incidentcccurred. AS
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TYPHCCNIRMA (06W)

AlthoughTyphconIrmawas not one of th more
intensesystemsof the year,it becamenoteworthydue
to the magnitudeof prop?rtydamageand lossof Iife
it causedin the Philippims; and later,by passing
directlyover the Tokyometropolitanarea. It was
the thirdsignificanttropicalcycloneto developin
June within the nmnsccntroughand the first (in
June) to recurveinto the mid-latitudewesterlies.

TyphccmIrmaoriginatedin the easternextension
of the monsocmtroughin mid-June.It was SICW to
develcp,takingeight days to bectxnea tropical
storm. At 00002cn the 17th,the disturbana which
laterdevelcfxedinto Irmawas Iccatedapproximately
220 nm (407km) southwestof Ponape (PM 91348).
Sync@ic data shwed a broadweak surfacecirculation
with winds of 5 to 10 kt (3 to 5 #s). Anotherdis-
turbamx, whichwculd shortlydevelcpintoTy@ocn
Hal, was locatedti the northwestin the same trough
270 nm (500km) eest-scutbeastof Yap (WM391413).
A broad swface ridgenorthof both disturbances
dcaninate5the northwestPacific.

when the disturbax= was initiallymentionedon
the 1706002SignificantTrcpical@clcne Advisory
(ABEHPGIW), satellitetigery indi=ted thatan
upper-levelcold low in the tiopicalupper-trci=
spherictrough (’IUIT)was presentnortheastof Guam.
This up~r-level low,fiichwas positioned7 to 10
degreesof latitudenorth-northwestof Irma,was
contributingto the upper-leveldiffluenceand
enhancingthe convectiveactivi~ in the vicinityof
the disturbance.The potentialfor significant
tropicalcyclonedevelqznentwas evaluatd as “fair”
(meaningthat issuinga ‘ICFAduringthe tivisory
pericdwas likely). BY 09002cm the 18th,the
disturbancehad moved west-northwestand was 150 nm
(278km) south-southeastof ‘rruk(W&3291334).
Satelliteimageryindicatedthe amountof convection
was increasingarxlhad nvxe organization.Ccns-
quently,a ‘ICFAon the systemwas issuedat 1812002
and aircraftreconnaissancerequestedfor the
follaing day.

Over the next tiree days satelliteimagery
shcwedvigorous,but pcorlyorganized,convection.
The aircraftreconnaissanceflightm the 19th of
June at the 1500 ft (457m) levelwas unableto
locatea circulationcenterand reporteda FS3LPof
1006 mb. On the follcwingday, aircraftreconnais-
sance founda surfacecirculationwith a 5 nm (9km)
diameterarea of lightand variblesurfacewinds,a
drop in the HSIF’of 4 millibarsfrcxnthe previcusday
and surfacewinds of 10 to 20 kt (5 to 10 nfs). The
flw aloft over the disturbanceWS hsnperedby in-

creasedoutflcw fmm Hal to the west. Duringthis
pericd‘ICFASwere re–issuedat 1200Zon the 19th
throughthe 21st of June. Early cm the 22nd, the
convectionwithinthe disturbancebecameso sup-

presse5that the TCFA was camelled at 2205002.

UnfavorableverticalshearfrcmHal hindered
developmentof the disturbanceuntil the 24th. The
241200zsyncptic data shwed increasingsouthwesterly
la-level flowenteringthe disturbance. This coin-
cidedwith ‘l’y@c@Hal makinglandfallover southern
China. Subsequentsatelliteimageryat 2416002
revealeda significantincreasein the size of the
centralcloudmass. The fifth,and final,TWA on
thissystemfollowedat 2417302.

With Hal weakeningoverlafiin mainlandChina,
Irma nui began to intensifyin earnest. The first
varningon tie eystemwas issuedat 2501432,after
the Dvorakintensityanalysisof the 2500002satel-
lite imagerysh~ the disturbame had increasedto
tropicalstormintensity. Aircraftrecmnaisaance
I.a@rin the day (2505162)locateda 994 mb circu-
lationcenterwith 45 kt (23mls) maximumsurface
winds 90 nm (167km) east-northeastof the center.

The initial forecasts cd lled for Irma to follcw
in Hal’s fcotstepsup the nmsocm trcwghinto the
SouthChinaSea and around the subtropicalridge.
Due to the uncertaintyabout the analysisover the
data sparsePhilippineSea, 400 mb syncptictrack
aircraftmissionswere flcwnon 25 and 26 June to
help define the mid-levelflow to the northof Irma.
These flightsconficmsdthe presenceof lower400 mb
heightsin the ridgealong 130E,which indicatedthe
ridgewouldnot steer Irma into the SCUth China Seas
as it had done with Hal. JIWC ncw forecasta more
northwardmovemsntwith eventualrecurvatureto the
northeast. This forecastscenarioprovedcorrect.

Irma slowedslightlyas it approachedthe end of
the ridgeat 130E longitudeand continuedto inten-
sify. Early cm the 27th, Irmaattaine5typlxxm
intensityas verifiedby syncpticship observations
of 65 kt (33ds ) north-northeastof the centerard
the Dvorak intensityanalysis. For the next two days
(Figure3-06-1)Irmaroved northwardand reacheda
maximumintensityof 90 kt (46m/s) with a FSLP of
957 mb at 2900002.

Alcq with reachingmaximumintensity,Irma
also came under the influenceof the mid-latitude
westerlies. Within24-hcurs,Irmawas accelerating
rapidlyto the northeastheadedfor lbkyo arilthe
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KantoPlain area of Japan’sHonshu Islati. Simul- By O1O6OOZ,Irma had ccanpletedextratropical
taneously,the systembeganwaakeningand urder- transiticnand the last warningwas isswd. The
going extratropicaltransition.Aircraftreconnais– remainsof Irmacontinuedto move northeasttiard
sance cm the 3Oth indicatd entrainmentof the the Kuril Islandswhere it mergadwith a ccm@lexlcw
ccoler,drier air into the system. The Aerial pressurearea just southof the KamchatkaPeninsula.
ReconnaissanceWeatherOfficer (~) , at 300817Z,
reporteda 30 nm (56km) ellipticaleye with a slight In sumnary,as the Typhoonpassd east of the
tilt to the north-northeast. Philippineacn 28 and 29 June, heavy rainsassociated

Figlllce3-06-1. Duns, with muimum w.i.rd 04 t10 kt

[4 I m/b ), ntxzzingpuk .inten.b.@ AoutlI o~ Okhwa,
[(ui.ththe bun low in tkc wti.tthe tioud Xopl

ZMpkg h bhik.ixg) (2W931Z JuneVWSPv~@
imagwuj).
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with the strongsouthwesterlymonsocnflow fran the
SouthChim Sea across the islandof Luzonprcxluced
more than 28 inches (711mn) of rain. Flccdingwas
widespreadacrossareas of 14anila and othersections
of Luzon. At least 46 peqle perishedin these
flccds;additionally,over 1,500 lost theirhcmes.
Later,when Irma made landfallcm the southeastern
tip of Honshu at 301800z,maximumwindswere esti-
matd at 65 kt (33tis). The NavalOceanography
CcxmnariiFacilityat Yokosukareprted maximumwinds

of 51 kt (26tis) with a peak gust to 83 kt (43Ws).
The associatedbarographtraceis shcwnin Figure
3-06-2. Variousmilitaryactivitiesat Yokosuka
reportedminor damageand flcoding,but m signi-
ficantpersonalinjuries. Hcwever,Japanpolice
reportedthreedeathsand fivepecplewere missingas
a resultof Irma. ltvelvebridgeswere reportedout,
flmd damagecccurredto over 20,000banesand pwer
outagesaffectefiabout 440,000households.

F.igtie 3-Oh-2. Btiogt.aph.Oume {nom Xhe Naval
OceanoghaphgCommandFa@Xg in Yoko.&duzdocu-
menZ&g l!tma’ A pabbage oveh the Kanto P.&i-n.The
mini.mamAea-LeveZ phtiAae neeoh.dedWLZ4 9b3.3 mb at
3019302.

.
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TYPHOm JEFF (07W)

Tmhcon Jeff was the lonaest-livaltrooical
cycl=” of the 1985 seascn. it requireda “titalof
forty-onewarningsand was finalledby .7’17?2cn tiree
separateoccasions. During its twelveday life-,
Jeff peaked in intensitythreetimes:once =st of
the ial.arrlof Itm Jim; once west of Okinawa,Japan;
W the thirdtime over the YellcwSea. Jeff, as it
turnedout, would be tie cnly trcpicalcyckne to
dwelop duringJuly, a nmnth thatnormallyprcd~
five cyclones.

After ‘I’y@@nInnsbecameextratropicalcn 1
July, tropi~l activityin the westernNorthPacific
decreased. One significanttropicaldisturbance&-
velcpedeast of the Philippineaon 4 July and moved
into the SouthChina Sea cm the 6th beforedissipat-
ing east of Hong Kong (hYY345005)on 8 July.This
disturbancewas tie subjectof a ‘ICFAfrcrnthe 4th
throughthe 7th. After thisdisturban= dissipati,
the ticpicsstayedinactiveuntilTy@xm Jeff devel-
lqed a week later.

‘l’helowlevel circulationwhichwas to mature
inti TyphcOnJeff,wSS spawn6din the ~SOCfl trOll#l
southof Guam a 18 July in a breadarea of dis-
organize cloudinessthat stretchedalong tendegreea
north letitu3e. Clmaolidatingslcwly,the system
driftednmthward acrossthe islarxlof Guam and
throughthe northernMariams, bringinglittlemre
than incnaaed rainshcweractivity. Three daya
aftergenesis,the develqxnentof persistentomtial
convectiaiad bettercloud organizetionprcn@2d a
‘ICFA,valid at 2102OOZ. Aircraftraccn— naissance
into t~ disturbanm a few hcma laterwas unabletm
lwate a surfacecirculation,but insteadfounila
bread troughwith 10 to 15 kt (5to 8 m’s) surface
winds and a FSLP of 1006mb. Early the next morning,
a secondaircraftrecamaissancamissim fomd a
trcpicaldepressicmwith a 1002ub centralpressure.
As a result,the firstwarningwas issuedat 220000Z.
For the next two days Jeff continuedb intensify,
reachinga peek of 60 kt (31#s) cn the 23rd.

0p to thispoint, the staxing flewhad remained
weak. Initially,Jeff‘s movementhad been to the
northwest,but thenchangedto the northeastin
respcnaeto the approachof a mid-latitudetrough
frcanthe rkxthest. ForecastiIxjrecurvatureinto
the mid-latit~ westerliesshed of the troughwas
the mcst attractivepoAbili~, especiallysince
* trcpicalcyclom was alreadyat 25N latitude
and bad been steadilytrackingnortheastwardfor
nearly24-hours. In contrastto the persistent
northe~terlymcwemnt, both nunericalfirecaataida
(NICMand C71Ul)consistentlyindicateda north-
~terly track. Becauseof the major differanoa
betusenwhat was actuallyhappeningad the g~
providedby the aids, the possibilityof a return
to a wsterly or northwesterlytrackwas still
considered. The “less”likelyalternativeforecast
apenario,i.e. northwestwardmovemsnt,was repeatedly

mentionedin the Prognc6ticReaacmiq Mesaages(WDPAl
~) , but the officialforecastwas fm recurvature.
Unfortunately,the “mere”likelyrecurvaturescenario
to the northeastdid not last long.

Late on tie 23rd as the troughapproached,ver-
ticalwind shear fmn the west increasedover the
Systm. It _ becameapparent&at Jeff wss weak-
e- and the persistentcentralconvectionwas
shearingaway to the -t (Figure3-07-1). The mid-
latitudstroughpass~ to the east rn the 24th,
leavingbehitiJeff‘s exposedl-level circulation.

The residuallcw-levelvortexthen began to move
wsbvard, eubeddd in the southeasternporticnof the
lar- to mid-levelanticyclonewhich was centeredover
ncrthernHonshu. Withoutany regeneration@ the
centralconvectioncn the 25ti or the 2gth,Jeff
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continuedto weaken. By 260600zthe maximmnsurface
winds htd drcppedbelow 30 kt (15tis). Oespitethe
fact that a wsll-definedlowlevel circulationwas
stillpresent,the lackof persistentcentralconvec-
tion and the systemsrapidmovementto the wastsouth-
west made furtherdevelcgmentseem unlikely(Figure
3-07-2). Aa a consequence,the finalwarningwas
issuedat 260600z,with the caveatthat “thesystem
will be clcselynmnitoredfor indicationsof pos-
sibleregeneration.” That was preciselywhat
happen~ ! Almost immediatelyafterJeff was fin-
alled,convectionbegan to redevelopaboutthe lcw-
levelcentersince the shearinginfluenceof the
troughwas absent.

Throughoutthe nightof the 26thJeff regen-
era~d, and ~ immediatelyalertedIMena AB
(WM347931)and other custcmerscn Okinawaof the
change. Weathersatellik reccrmaissan~reveal~ a
dramaticincreasein centralconvectionwhen warnings
were again issuedon Jeff, as a 35 kt (18tis)
TropicalStorm,at 270000Z(Figure3-07-3). Because
Jeff was less than 24-hoursfran affectingOkinawa,
Kadem AB went to Conditionof ReadinessIII as a
precaution. AS Jeff nearedOkinmm it s1-,
passingabout75 nm south@ Okinawaat 280530Z. The
warningsverifiedwell. MaX.im sustainedwitisat
KsdenaAS were 25 kt (13u#s), with a peak gust to

Figo
Zf?ge
V.LAu

W2 3-07-3.
mxa.tiondL
& imag~)

ti
.Lt4

IUtij
duvna
VMSP

39 kt (20tie.)at 280208Z. Naha (WFX347930)had a
~ak gust of 47 kt (24I#s) at 280355Z. Eighteen
houraafterpassingsouthof Okinawa,Jeff attained
typhocxiintensity. BY that tine,the ‘fyphm tnd
turnd to the west-northwestas it startedto move
arctuilthewesternside of the subtropicalridge.
Futkr intensificaticnto a peak of 75 kt (39II/s)
crmrred as ‘I’y@cmJeff approached,and msde lam3-
fallon, the coast of mainlandChina approximately
180 nm (333km) southof Shanghai(WI)58367) (Figure
3-07-4). Once onshore,surfacefrictionaleffecta
causeda rapiddecreasein maximumwirds. The
persistentcentralconvectionbegan to fall apart
and, once again,the systemwas finalled,although
“movementback off the ccastand regeneraticnin the
YellcwSea” remaineda distinctpossibility(Figure
3-07-5).

Im3eed,Jeff was rot finishedyet. Warning
number36 was issuedat 0000Zon 1 Augustas meteoro-
logicalsatellitereconnaisaancereportedsignifi-
cantlyincreasd convectionover water. The track
was H to the ncrth-northeastaroundthe wsstern
edge of the subtropicalridge. Acceleraticmwas
gradualas Jeff redevel~ mxinwm surfacewinds of
50 kt (26u#S) @ 1800zon 1 Atxy.st.Strongsouth-
westerlywinds alofthimleredthe system!sattenptto
furtherintensifyarxlachieveverticalaligmwsmt

Figwte3-07-2. The ne.mtyconvect-ion~fiee&no-.Levet
cL.tcuf@tiono~ Jedd a4 Lt woA @ta.Ltedioh the I@.&Z
tie [26050LZZJuly NOAA v.i.mdi.n!ugtvy].
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betweentbe lw-level cycloneand anticyclonealoft. cated at least180 pecplewere killed,1400 injuxed

Then, at 06002on 2 AugustJeff was finalledfor the and tens of thousandslefthcmsless. In addition,

thirdand last time after ccnpleti~ extratrcpical 1400watercraft, mostly fishingboats,were lostor

transitionin tie northernYellowSea. badly damaged. Sane 75,000acres (30,352hectares)
of cropswere destroyedand another400,0133acres

In retros~ct, easternChinabore the brunt (161,878hectares)badlydamaged,by the typhoon.

of TyphccmJeff. The provincesof Shanghaiand China’sirrigationnetvmrk-S severlydismptd by

coastalZhejiangware battered. News repxta indi- flocding.

FZguze3-07-4. TyphoonJedd neah maximumin.t@lb.@

.tt~C~ti ,@om making.Lana@U ovn U4tw
Vuzingthe how immed.ia.tctgpfLo-

ceding ZmL@3tl, a bmdk? banding aye iohmed
[292303Z IA.@ tJOAAv.tma.tl&nagW).

F.igumz3-07-5. Jqjfjovu m-rid C@uz a@a being
&inafxd don the Aecondtime. Je{d Apent necm-fij36
houAA ove.tmo&&md China bqjolemoving back ova
openwtieh and ae.intcti.idying(310556ZJu& NOAA
vdua.timagwy).
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TYFHCXMKIT (08W)

TvohconKit was the firstof seventrooical
cyclcn& to reachwarningstatusduringAu&st
1985. As was the casewith its predecessor,Typhoon
Jeff, Kit’srecurvaturepoeedconsiderableforecast
problems. Like many WESTPACtropicalcyclones,Kit
devel~d frcm an area of increasedconvectionin
the easternporticmof tie moneocntrcugh.

As the remnantsof Ty@m_I Jeff transited
easternChina,satelliteimageryearlyon 31 July
shcwadthat a pcasiblecirculationwith gd convec-
tiveorganizationwas rapidlyformingnorthof Guam.
This area of disturbedmather was developingat the
northeastend of the nmnaocntrough,which at the
timewas linkedto the trailingend of an old frontal
boundary. The presenceof this frontalMary
may have providsdsane initiallow-levelcyclcnic
shear to accountfor the systsm’srapidformtion.
Syncpticdata indicatedthat a low-levelcirculatim
was presentin the disturbd areawith windsof 10 to
20 kt (5 to 10 #s) and a PH.J?of 1004*. The dis-
turbano2was mentionedm the SignificantTropical
Advisory(ASEHFGlV7)at 310451Z,but developmxt was
so rapidand the satellitesignaturem impressive,
thata ~A was issued by 3106OOZ. No significant
additionaldevelopmentccmrred wernight, hcwever,
as the systemmoved to the ~st-northwest. The first
aircraftreccmnaissancemisaim into the disturbance
the followingday foundwinds & cnly 20 kt (10rds)
on the west side of a 1004nb surfacetrough. ‘Me
‘ICFAwas reissuedcm the 1st aa develqxmantstill
appearedlikely. Fo31cw-m aircraftreccmnaiaaance
was requestedfor the 2nd. This tintsthe investiga-
tivemissicnlccatsda 30 m (56km) wide surface
circulationcenterwith bet~r organizd winds of 10
to 20 kt (5 to 10 #s) and a FS3LPof 1005mb, one
millibarhigher than m the previousday. A thirtl
‘lVFAfollcwedat 0206002as the disturbarm tracked
to the rmthweet. Aircraftreconnaissancewas again
rsquested.

‘I’henext aircraftreconna issance missionflew
into the systemlate m the 2x3, closeda cixculatim
at 0222042and repcrtedthat the !SLP had decreased
to 1000A. Both aircraftand synopticdata now
indicati 25 kt (13I#s) surfacewinds near the
center. JIW respondedby issuingthe firstWarniw’
cm ‘rrcpicalDepression08w valid at 030000Z. During
tk next 24-hcmrathe tropicaldepreasicnslowly
intensifiedwhilemovingto the northwestalcng the
amkhem peripheryof a high pressureridge located
over Japan.

Tr~ical Depreasicm 08W was upgradedb Trr.pical
Storm Kit at 0400002afteraircraftreccanaissance

reported35 kt (18tis) winds in all quadrants. Once
upgra&d, Kit continual& intensifyati move slcxvly
west-northwstwardfor the next 24 hours. Extended
forecasts,based on FNW’s NXAPS prcgnsses,imiii-
cated thatKit would mwe mrthwestward UOund tie
ridgewhichwas expectedto be displacedsoutheast-
ward in edvanceof an approachingtrough. fiis wculd
resultin Kit recurvingto the northeastafter36
hoursand eventually’make landfallrn Japan (Figure
3-08-1). Hcwever,the troughwas weakerthan fore
-st so insteadof ercdingthe ridgeand allcwingKit
to recurveinto the westerlies,the troughonly
temporarilyweakened the ridge as it passedti the
north. Kit respondd to the troughpassageby
slcwingand turningto the northm the 5th. Ty@ocm
Kit ii-enmoved SIWIY northwardthroughthe 6th aml
into tie 7th while continuingto intensify. By the
7th the troughhad passedto the east and the trcpi-
cal cyclme was left in the weaknessbetween the
subtropicalridge b the east ard a weakeranti-
cyclcneover mainlafiChina. With the passageof the
mid-latit~ troughover the subtropicalridge,the
ridgebegan to build westwardcm the 7th. Kit
respcade5by reaming a courseto the west-northwest
and intensifying(Figure3-08-2). Kit attainedits
maximumintensityof 85 kt (44tis) at 0806002
southwestof Kyuahuas it moved into tieEast China
sea. With FNX’s W2GAPSprcgs indicatinganother
mid-latitudetroughapproachingfran the west,
and Kit definitelynearingthe mstern eti of the
subtropicalridgeaxis,recurvatureover SouthKorea,
wib extratrcpicaltransitia in the Sea of Japan,
appearedlikely. After 0812002,Kit began to -aken
as relativelyccolerand dri= lrxv-levelair was
entrainadinto the vortex~s southwestquadrant.

Kit recurved south of the Koreanpeninsulaand
was &ely at typhoonstrengthwhen landfallccmrred
cm the emthwest tip of SouthKoreeearly m the
loth. Kit stillpackedquite a punch,however. !lYx-
rentialrainscn the islandof Cheju EUXIsouthern
castal Koreacausedextensiveprc.pertyand crcp
damage. At leastten pecpleware reportedmissing
or killed. Additimally a Departint of Defensecan-
municatiom site in the area receivd an estimated
1.5 milliondollarsdamage. With extratrcpicaltEUl-
sitionin prcgreas,Kit rapidlylost strengthwhile
acceleratingmxthaastward into the Sea of Japan.
Extratropicaltransiticmwas cmpletcd and JTiW2
issuedtie finalwarningcn Kit at 1100002. Sub-
sequentwarningscn the extratrcpicalremnantsof
Kit wre containedin the NA~ ~AM
NorliIwe?atPacificExtratcpicalWind Warningbulle-
tins.
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F-igwca3-Og-l. Compahibono~ 500mb 4$+hoti p&OgnOb& w.i-th uti~y.ing500mb
anal.yhib.ThiA chantdep.ictbthe majon 500mbijeaZw@Aavd.able &om .ttte
4~-hounp&ognoAibvalid 0600002 Augub.t:ni.dgeUXLA (dabbedtie), t-tough
tine [opendo.tb), 52~0metenhtigh-thop&th [ —zzflzB ), and &o fieca.4i

Wamling poiti (x). The vh~ying 500mba~A& & Aho#n ~oh 0600002
Augub.t:n.idgeaxi.b[Ao.Udtie), t.toughfie [Aol-i.ddofi),5’ZgOme.-tm
htightdople-th( --MISW- ), and LlabtTnaclzpOAfiOn [Y) {ot Lit. In
nelno~peat,with the 4~- houn paognobh and the lotion o~ %he {oaetit
wantig pOA&n (X) - notih04 the nidge [~owaxut} and eiIA.t06 -thetiough
[{ozeuzbt)- a kecunva.tuteAcenm.i.o Zookb val.i.d. The tiopical cyc-floned
an .inmw&de Zkne.d.toJapan. tioweva,with the vetidy.ingana@AiA, KLt’&
poAtion [Y) nema.inb bou.th o~ the zidge (atuUlg6Zb ) and the -tnough
(ana@AiA]. Thi.bi.bno~ ~avonabLeiofihecwwoluze. TM pa.t-tatnAuggebtb
weakenedAtetig @x.o,wti A&w and tic ZILopicatcg&one movement-
which i.bwhat occIuLzedon the bfh.
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LEE (09W)

Unlikeits predecessors,Typhoms Irma,Jeff,
and Kit, thatdevelcpedcn tie northeastperipheryof
the southwestmonsocntrcugh,Lee fonned in tk
troughin the centralPhilippineSea. 3,ee’sinitial
develqmwmt and movementwithinthe msocn trmgh
was influencedby ‘I@vxn Kit,whichwas located
furtherto the north.

On the 31st of July, the omnsrxm trough was

orientad southwest to northeast, =tending frum the

central Philippine Sea eastward across the northern

Mariana Islands. To set the stage, Typlmcm Kitt
which develqed m the rmrtheastern end of the

trcaqh, roved northwesb?ard and intensified. AS

Kit’s low pressure area migrati mrthwestward, the

axis of the OKSISOCn trcmgh repoaitionsd along with it

until finally, on the 8th of August the mnsccn

trough was orient~ almst north to south.

Ship reportsat 0812002indicateda broad
circulationin the trough480 xnn(889km) southof
the islandof Okimwa with a mininnnnsea-level
pressure (PEX2)of 1002*. Satelliteimagexyalso
shti that the convectionassociated with this

disturbancehzd sane curvature. Sticegod cutflcw
charar+lswere presentaloft lm the south and south-
west, the Signifimnt TropicalWeatherAdvismry (ABFW
PGIw)was reissuedat 0820002to includethissystem.

During the follcwfbg 24-hours,as the disturb-
ance moved to the mrth-northeast, the convection

remaiti m the aquatorward side of the circulatiim
center, asscxiated with the 15-25kt (8-13tis) con-
vergentla.+-levelwind flcw. Syncpticdata shca.@
cnly 5 kt (3tis) winds on the northwestsideof the
circulation.This area of lighterwimk underwenta
changeon tie 10th of August. The l~level sub-
tropicalridgebuiltback to the north of the dis-
turbanceand acrossthe Rimkyu Islandsin tiewake of
Kit and the pressuregradientincreasedcwer the
northside of the disturbance. In response,the
broad lu#-levelcirculaticmconsolidatedwith
increasedwinds of 10-15kt (5-8tis) over the
northwestquadrant(Figure3-09-1). Sinmlta~lyr
the upper-levelwind reportsshwed an anticyclmic
circulationwas developingover an area of cumsa—
shapedconvection. The cloudinessincreasedin

Tlm[

“

10N

4
00 120E 0 140E 1*E

F.iglule3-09-1. S@ace anc@&A aX 1000002 Augubt
Ahowi.ngthe hubtzopicalz_&@ wtich bui.& aCtObb -to
ike noti o{ the diAtu?dwce in the wake o~ .tgphoon
Kit. The motioondepuabbtin.iAbeginning.tocon60.L-
ia!de. Tht wnuagent @xo d on&j on the ~ou.thand
mk ddti 06 the bhoad dmuhtion cen.tti.
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amount and was near thesurfacecenter. Theseevents
prcmptedthe issuanceof the firstTCFA at 10023OZ.

The initialaircraftreamnaissancemission,at
10065OZ,into tie disturbancereporteda broad
surfacecirculaticmwith dimensionsof 60 nm (111km)
north to southby 90 nm (167km) east to west and a
997 Mb MSLP. The naw lccaticnof the circulation
~nw, as determinedby tie aircraft,requiredthe
issuanceof a secondTCFA at 1008OOZ. The circula-
tion omter was relocated115 nm (213km) furth=rto

the east-southeastand outsideof the origiml ‘ICFA
area whichwas basedcn an earlierpositionderived
franvisualsatellib data.

Wing the follcwingtwenty-fcur hours,Lee
turnd tcwardsthe northwest,move5 very slcwly,ard
shcwedlittleintensification.This SICW intensifi-
cationcculdbe relatedto the persistentstrongfla
aloftfran the rnrthover the distwbance (Figure
3-09-2). Satelliteimsgeryfor the sameperid is
shwn in Figure3-09-3).

--Y’!! X//

Figume 3-09-’2.The 1000002Augtit
200 mb aW&Jb~ 6hcwing-thenotihalg
@to alo~.tatiohhthe d.dtumbance.

Figure3-09-3. ui,th-thenotih@ @w 0J30{.t.theze
iA -fX.tP.econfectionon -thepo-tewtidhide 06 .thc
ddtwtbance’A c-izcu.ld-ioncen.tti.The tioutitiA
pwhti ova the &xu--LevetAoutkweAXW@ @WJ
(100IO~ZAugu&tUMSF’vtiualimag~).
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An aircraftreccrmaisaanceflightinto the
disturbmre at 110656Zfcund a 25 nm (46km) diameter
lightard variablewiti centerwith only 15 kt (8
tis) maximnnsurfacewiti aroundit. Hwever, the
&SLP hzd drcppd another5 nb duringthe previous
twenty-fcurhours to 992 rb. This sugportedmaximum
willdSof 40-45kt (21-23tiS) baS5d on the
Atkinsm/Hollidaywiflpressure relationship.
Aircraft,ayncpticati satelli~ data indicatedthat
stromysrwinds d 25-35kt (15-18tis) were located
in a band displaced60-180nm (111-333km) to the
east of the center. !l%esedata led to the issuance
of the firstwarningat 1106OOZ. AS a result,Kadena
.AB,Japan (WM347931)immxluatelyset a Conditionof
ReadinessIII.

Fortunately,Lee continuedb exhibittypical
characteristicsof a IXSISCMXIdepressionwherethe
mxinmansurfacewixxlsand intenseconvecticmnever
conaolida~ at the surfacecenter. Instead,the
maxinm surfacewida remind in the easternsemi-
circle. A,?a consequence,when Lee passedwithin 15
mn (28km) northeastof Okimwa at 120430z,the
maximumsu.k.tainedwinds stayedwell to the east of
the island. In fact,the strongestwindsexperi-
ence at KadenaAS we fran the west-southwestat 22
kt (11u#s) with 32 kt (16n#s)approximatelytwelve
hours later. Naha (VU4347936)lccatsdcn an elevated
SIW3exFossdpart af the islandof Okimwa reported
highestwinds (inassociationwith the southwest

nmsonn flow)of 27 kt (14I#s) with gusts to 40 kt
(21mfs) at 121948z. At that tim Lee was 170 nn
(315km) to the nm-th-northwestof the staticm.
Overall,L&’s track aml asymmetricalwind distri-
butionsparedOkinawa,but tie westernccast K South
Kora appearedto be the next targetand preparations
had begun for the tropicalcyclcme’sapprcach.

on the synopticscale,lwer standardpressure-
levelheightsprevailedover theEast China Sea
betwem the ~ ridges. AS the mid-latit~ trough
(Figure3-09-4) approachedthe YellcwSea m the 13th
of August,it came into phasewith the shortwave
troughexteding south-southwestwardfran a deepening
Siberian 3DW near 52N 116E. By 1.31200zthe trough
was orientedalong 118E longitudeand the ridgeover
Japan continuedto buildnorthwardacrossthe Seas of
Japan and Okhotsk. This causedthe mid-level
steeringflcw fran the southto increaseoverLee.
In reapcnse,~ steadilyaccelerate acrossthe East
China Sea and passed 240 m (444km) wst of the
islandof Kyuahu,Japan. Coastalstatio= on Kyushu
reported10-25kt (5-13#s) sustainedwinds.
Aircraftreccmnaissancereportedthe band of 40-60 kt
(21-31dS) maximm winds remainedabout 120 rnn(222
km) west of the Ccast.

AS & began to break free of the nwxxxxn
trough,it reachedit’s peak intensityof 60 kt

Fi.guht3-09-4. The 12J200Z Augu&t500 mb anufijh.d
With tioughi.ng in the ~uba%opicd tige. OVWL the
Ea&t China Wa.
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(31tis) (Figure3-09-5). Satelliteimsgeryshowed
orientationof the su~rtixxj convection-w;chang-
ing, too. The strongupp5r-levelwsterlies were
alreadypxs.hing~‘s outfI.cwto the mrtheast
tids tk? southwestccdstof South Ko=d.

Lee continued to accelerate and followed a
northerly trackacrossthe YellcwSea on 14 Atqnlst,
stayingapproximakly 120 nm (222km) offshore. This
sparedthe coastlinefran any significantdamage. A
few reportsof 35 kt (18n#s) sustainedwindswere
recorckdat the southwestporticnof the Korean
peninsula. Iater,Lee tiansitedthe North Korean
cosstline60 run(111km) southeastof Sinuiju(W
54498)at 1406002,and dissipa&d rapidlyinlandover
the nmuntainoueterrain. NO reportsof damage!Rre
available.

Of note,the tracksof Jeff, Kit,Lee, and
later,Msmie in the Yellw S= came underthe

influenceof the same syncpticscelepatternduring
the firstthreeweeks of Awyst witi ridgingover
Japanand troughingover rrxtheeatmainlandChina.
This patternmaintainedseni-persistentsouth-to-
northmid-levelsteeringflow over the YellowSea.
Each tropicalsystemin its cm time recurvedarourd
the westernperipheryof the subtropicalridgeand
aceelera@d. Figures3-09-6and 3-09-7shcw the

oximatelocationsnd orientationof the syn@.icappr
scaletroughwiti respectto the pint of recurva-
ture of esch tropicalsystem. The patternshifted
eastwardfranJeff to Kit, then retrograkd westward
with M, and later,Mamie’strack. fie @rite of
recurvaturealso indicatetk westernextentof tha
subtropicalridge in each case plus the mnthward
displacementof the ridgeaxis whi~ was well north
of its climatologicalpcsition.

F.igtie3-09-5. Tkophd S.tonmLee al ti maximum
.iwkn.4i.tgo~ 60 kt (31m/A]. The uppu-~ev~

an?%gclon.ic c&a&&i,oK tipticed bfig~ to the
noz2heaAzo~ the expob ed tau-~evat A-on centQJL
(13051gZ Augwt NOAA V&d i.niag@f) .
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TYPHCONMAMIE (1OW)

Despite reaching a maximum intensity of only
70 kt (36tis), Ty@cgn Maoiewas cne of the more
destructive tropical cyclones of the 1985western
North Pacific season. Following a path similar

to its predecessor, Trc@cal Storm Lee, Mamie was
responsible for at least 35 deathsand causedheavy
damage to crops,hcanes,and shippitq. For twu
days,Mamie skirteda 400 nm (740km) stretchof
ths easternChinesecoast frcnnShanghai(M 58367)
to the ShantungPeninsula,inundatingfarmlatiand
washingaway mmy dikes and dams witi its torrential
rains. I@re than800,000civiliansand soldierswere
msbilizedto canbatthe flccdingard repairdamage.
Estimatesof the destructioncausedby Mamiewere
staggering:over 6.5 millicntreesuprooted,2.9 mil-
lionmetric tonsof high stalkfarmcrcparuined,
more than 120,000housesdestroyedor damged, wer
200 watercraftof varioustypessunkor driven
aground,and over 122,000dcmesticlivestockdrcwmed.

Namie formedfranan areaof convectionthatwas
originally part of the southwestmomsncmflcw into
TrcpicalStormLee. At 01292on 14 August,visual
satelliteimageryitiicatedslightcurvaturein an
area of convectiondue east of Taiwan thathad se~
aratedfran Leeis inflcw. Figure3-10-1shws this
area and its relationshipto Lee. Subsequently,the
arsa was includd as a “pcrm”m the 1406002Signi-
ficantTropicalWeatherAdvisory(ABPWFGIW). Satel-
lite imagerythroughthe remainderof the 14th showed
the disturbancewas turningto the northand becaning
more organizedas the separationfran Lee’switi
fieldincreased. The 1506002ABPtiFG1’Wbulletin
reflectsdthisdevelcpnentby upgrading the potential
for develcgmentto “fair”and aircraftreccnnaissance
of the disturbanoswas requestsdfor the follcxving
morning.

At 1512002,a TU?A was issued,based cm in-
creasedcwvature of the convectivetands and anti-
cycloniccirrusoutflowindicatedby satellite
ima9ery. At this point, the areawas beginningto
intensifymre rapidlythanbefore,due partlyto
Lee’s waninginfluencecn the new circulation.At
1523402,aircraftreconnaissanceclcsed-offa circu-
lationof tropicalstorm intensity90 nm (167Ion)due
west of Okinawa,prarptirigthe issuanceof the first
warningon Mam.ieat 1600002. Less than thraehours
laterKadenaA13on Okinawareprted its strcngest
winds frcm Mamie - southat 20 kt (10u#s) with a
peak gust to 35 kt (18tis).

On 16 AugustMamiebagan to turn to the north-
west. This turn was due to the l~level ridge north
of Mamie strengtheningslightlyas themid-latitude
troughbat had interactedwith the remnantsof
TropicalStormLee hsgan to move rapidlyto the east
in the mid-latitudewsterlies. Hcxvever,the ridge
neverbecame strongenoughto step Mamie frcm haading
mxth-northwest,then nxth througha waak area in
the ridge thatpersist~ throughoutNamie’slifetime.
Mamie mntinued b intensify,reachingtyphconinten-
sity at about 170000zas it movednorthwestat 7 kt
(13kmhr) tcwardShqhai (WP1258367).

The Typhom reacheda peak intensityof 70 kt
(36tis) 12-hourslater at 1712002,justprior to
affectingthe Chinesecoastnear Shanghai(Figure
3-10-2). Mamie traversedthe Chineseccastline,hit-
tingTsingtao,with decreasedwinds of 5(Ikt (26D#S)
at about 1902002. Mamie then turnednxth around
the westernperipheryof the subtropicalridgeati
crossd the Shantungpeninsula,strikingYantai,
China (nearFushani$!9154764)at about 1906002.

Hamie acceleratedto 20 kt (37whr) and ~akened
to a 40 kt (21ois) trcpicalstorm justprior to
crossingthe YellowSea and moving towardDairen,
China (W 54662). Afterinking landfalljustwest
of Dairenat 1912002,Mamiebegan to dissipateover
land. BecauseMamie’sintensitydecreassdto an
estimted 25 kt (13#s) and due to its I.ocaticn
over the mountainsof northeastChina, the last
warnimawas issuedat 2000002.

F@LAe 3-1o-1. The .fxopicattitibance that bec
Tqphoon Mamie & .bcd& w~ 04 ~he ih.fand o~

Taiwan. The b&gh.t&j tived wnvetive bandand
4qWuMX.on {hem the ctoud.inti~ tibotied wilh
Tt.opkco2stomn Lee .tothe notih wate the @.d Ai
od okganirtin {1401292AuguA.ZUMSP viAwa.t.inage

me

Figuze3-10-2. Mam-iewith @phoon do.tcewinh

pUAAingjuAt eaA.to{ Shanghai,China (1.$01492August
VMSP W&la& i.magenlf).
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TYPHOcN NELSON (llW)

TyphconNelsonwas the fourthof seven trcpical
cyclcnesthatdevelcpedover the NorthwestPacificin
Aucyst. It causedsubstantialdamageancl1- of
lifeas it passed tiroughthe southernRyukyu
Islands,brushed by northernTaiwanand crcssedinto
mainlandChina.

~ 14 AugustTrcpicalStormLee =5 dissipat@
as it nmxxl acrc6sNerth Koreaand TyphocnManicwas
buildingnear the southernRYUkyUIslandsjust east
of Taiwan. The follcwingday the disturhrm that
develcpedintoTy@ocn Nelsenwas firstnoticedas a
smal1, but persistent,area of pcorlyorgan.imicon-
vecticm150 mn (278km) east-northeastof the island
of Seipanin the Msrisnas. The ar- was locatedin
the near-equatorialtroughwhere the convective
cloudinesswas enhancsrlty the divergentqqxx-level
flew associai=dwith an uppercold low in M tropi-
cal Upper-tropospherictrough (’IVIT). Syncpticdata
at 1500002irdicatedthat sou-terly gradient-
level flow fran the PhilippineS= was near the
disturbance. These factors,plus - satellite
insqeryat 150300zwhich showeda slightcyclcm.ic
curvaturein the convection,prcqted menticnof the
area cn the 1.506002SignificantTropicalWeather
Advisory (ABPWPGrw).

curingthe next 24-fcmrhours,satelliteimagery
revealeda marked increasein th amcuntof convee
tion over the northeasternportionof the disturbance
with anotherlargerarea of Unorganizedconvecticm
nuving towardIhe disturbancefran the west-scutb-
west. ~ 1600002,synopticda= indicatedthat the
soutweaterlygradientflowhad propagatedeastwardto
the disturbsna?SIX3an asacciatd upper-levelanti-
cyclcnehsd formedover the disturbance.A Trcpical
CyclcmeFormstionAlert (’ICFA)followedat 1606252.

Aircraftreccmmissancelatecm & sixteenth
was unable tm locatea smf am circulation.~
ever, the aircraftreconnaissanceweatherofficer

(B) did report:a narrcw l-level trcugh that was

200 m (370 km) in extent and elaxjated mrtheast-
southweat;threepcssible 1002 mb pressure centers;

and meximum winds of 10-20 kt (5-lo tis) to the north

of the trough. The TU?A was reissued at 1705552.

A dramtic increase in both & cyclcnic

culxature and amount of central convection cccurred

at 1716002. The Dvorak intensity estimate of the

system was 35 kt (18 tis) . tis intensity estba~

together with the continuingdevelqanentof the sys-
tem led to the firstwarningon Nelscmat 1718002.
Aircraftreconnaissanceat 1721312confirmedthis
develcpmnt, and mxe, when gale forcesurfacewinds
were lccatednorthof a 989 nb low pressure=nter.
Specifically,the flightrevealedthe 700 * center
was displaced31 rnn(57km) to the rzxthwestof the
surfacecenterarr3a bati of 45 kt (23I#s) lcxv-
levelwirdswas located90 nm (167km) to tie ruxth-
IlOrthwst.

Due to the mcertdnty in the FleetNtanerical
OceanographyCenter (FtKx2)mid-levelwind fieldsin
the dab sparseregicmsouthof Japan,a 400 ub
m@c track *sire was flwn early cn the 18ti
to betbr definethe mid-levelsteeringfla north of
Nelscrl.tlatifran this flightconfirmedthat the
ridgeext~ed westwardover welscmand indicated
forecastsfor an ‘umiertkE ridge”scenariotere
appropriate.This forecastsoenmio proved b be
correct.

Purtherintensificetioncccur~d as weleon
assuneda more west-northwesterlytrack. At 1900002,
Welscnwas qxyaded to a typhom afteraircraft
reccnnaissameindicatedthe system hal a 5 run(9I@
diameterIightivariablewind oenterwith a 979 mb
WJ.P and 65 kt (33ll#S)maxinnmsurfacewinds
displa- 40-120nm (74-220km) northwst of the
center. Alncat threedaya later,at 2118002,Nelsen
reacheda peak intensityof 95 kt (49tis) with a
PSLP of 961 !n?Y(seeFigure3-11-1)..
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TYPHOONCDESSA (12W)

~essa persistedfor almosttwo weeksand
requireda totalof thirty-eightwarnings- in this
regard,only TyphoonJeffwith forty-oneexceedad
~essa ts totalduring1985 season. ‘Ihesyst~ ~~
part of a multipletropicalcycloneoutbreakalong
with TyphoonPat and TropicalStormRuby. At one

time five tropicalcycloneswere in warningstatus.
Ultimately,C!dessautierwenta complexbinary inter-
actionwith TyphoonPat southof Japanbeforecom-
pletingextratropicaltransitionover the Sea of
Japan.

F.igww3-12-1. N.igk.ttimeimagatgo{ Odti~a w.ilha
b.ingikout@w than.wtthat iA dimeticdequa.tom~
(241227Z Augu6X W i.ndmd a9QJY) .

P~,.:-%t? ODESSA
,,

,. .’--- \ #

~ the thirdweek of August,Typhccnhlelscmhad
movd westwardacrossthe northernPhilippineSea.
At that tire, the easternend of the mcnsocntrough
exterdd acrcasthe PhilippineSea to the vicinityof
Guam. The easternend of the low latitudewesterly
monscmnalflw, where it interactedwith the easterly
tradewimis,becamethe preferredlccaticnfor maximum
cloudiness. Initially,on 19 August,the deep con-
vectionin thisarea appearedrandanwith little,or
no, curvature,but ita persistencewas sufficient
reasonfor its inclusioncn the SignificantTrcpical
weatherAdvisory (ABPWPGIW). With maximumswface
winds in tie nmnaocnalflcn+of 15 to 20 kt (8 to
10 nfs) and a minimumsurfacepressureof 1006ub,
the potentialfor develcqmmt was ratedas pax.

This potentialfor intensificatiachangd ta
fair at 2206002as the convectivemass began to
increasein size over a low-levelcirculaticmwhich
began to separatefran the surroundingcloudiness.
A TWA follcwedat 2302302based on meteorokgical
satelliteimagerywhich ehwed a Centrall)enae
Overcast (CIX3).Aircraftreccnmissan= was
scheduledfor the next dsy. me persistent~, a
favorableoutflcwchannelaloft to the scuth,and a
pre-existinglm-level circulationcenter,prc.mpted
the firstwarningfor TrcpicalDepression12w a short
time laterat 2306002. The lkpresai~ was upgrad~
at 2400002when aircraftreconnaissancecbserved
sustainedsurface winds of 30 kt (15ds) thatwere
gustingto 55 kt (28II#s)southeastof the center-
the M(XP was estimatedto be 1000h (Postanalyses
reveal~ thatOdessareachsdtropics1 storminten-
sity shortlybefore 231800Z). The aircrafta~o dis-
coveredthat the low-levelcenterhad driftedscmth-
eaatwardduringthe night,when interpretitiaof
infraredsatelliteimagerywas restrictd to pc6i-
tioningthe poorlydefinedwFer-level circu~ti~
center.

Erraticnovementbecams less of a concernas
cdeasamaturedand assumeda north-northwestlytrack.
ticraf t reconnaissa- at 2423402reprted typhom

___
F-&ICt 3-12-2. OdeAAa w.&h channti-tu ok no-
than.ne.?out@w [2g1024Z Aug~t NOAA ~6WUUf
imageh.q].
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As the trcpicalcyclme pressedahti cm ita new
track,it began to mlerate “inreaptiiaeto the
approachof Typhom pat frcm the amth. me cctwlex
interacticm between tk spatiallyproximatec@mes,
or binarys,is mt readilyapparentfrm Figure
3-12-4,whichdepictstbe auperinpcsd tracks. If
the midpointis determinedfor each six hourlytime
paricd,the locusof midpoinb fran A to B results
(seeFigure 3-12-4). WheiithiS kcua beCUoeS a

SiqUbZ pcirit (C)in Figure3-12-5ad the re~
tivepositionaof the two ty@oms are replotti

Figwte 3-12-6. Uobazic cUU@bi6 ~Oh 3000002 AugwA.t
i,ndicdti the ALze d.iddwence b@oeen P& and the
bti compact Odua. Tht waku @AOm to the
nohtk?df -d Thopiti %OZM ??u@4, WkiCh h2ma-itd
bo.Li,@uj and appahent.ty U’X enZs4 &to the
Lntaztin.

relative‘to(C),the subtleattractim and cyclonic
roteticninto a circleof 33o m (611km) becmas
apparent. It ia interestingto ccqare the relative
sisesof Pat, which is average,and Odessa,which is
smalland cqmct (referanm the surfaceisobaric
analysisin Figure3-12-6). wturning to Figure
3-12-5,it is “Mqxmtant (next)to noe the departure
of kdh t@cana fran tbe 330 nm (611km) circleat
31OOOOZ. This was the beginningof extratrcpical
tnna.itirmend separation. Satelliteimageryis
prwided in Figure 3-12-7.

----
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‘l’hemvemnt of Cdessstier the ridgehad
servedthe prognosticreasoningwell sti the 27A.
The fors.castremainedconservativeand &ld to
persistenceas Odessabegan to displayerratic
tehavior,but the ridge to the northhad changed.
Both aids,~ and NICM,indicatsdnorth to north-
easterlyutcv~nt (seeFigure3-12-8). men Pat
StartedZcelerat@ northeastwardacrms Japan,
Odessaexecutsdan abruptturn to the nxtheast
and follcnreda its heels. Forecastsfor Odessa’s
forwardnmtionproved too SIW as it accderated into

the SESIof Japan and began extratropicaltransition.
Fortunatelythe systemwas cmpact emd weakenirgor
damagemighthave been mora widespread. In Kyushu
end other southernislandsof Japan strongrains and
winds frcxn03essakncckedout x ati CSUS4
fishingvesselsto capsize. Ships remainedin port
at SaSebo,Japan (W@ 47812)as Odessapassedsixty
miles to the north. fie finalwarningwas issuedat
011200ZSeptenberas the extratropicalrsmins of
OdessaapproachednorthernHonshu.

Fi.g& 3-12-7. In .tUA moon.Qh.tphoto Pa-t’Azagged
qfe and .&wgehwtzoundingcloudmtib dwahj odtiba,
which d a&o at tgphoonin&n.6&g [30134$Z Augubt
VA(SPvi.wz.limagwy).
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TYPiiCX3WPAT (13W)

Typhcon Pat develcpedeastof Taiwanin the
nmnsocntrougha few days afterTyphconOdessaand
cme day beforeTropicalStormRtby. Pat was signi-
ficantdue to the ccmplexforecastingproblemsit
caussdand the damageit inflictedin Japan. The
presenceof two other storms (c15essaand RubY)pre-
sentd a varietyof poisibleforecastinteractims.
The movementof each cyclcmekd to be consid~ed in
Cc4nbinationwith the changingsyncpticpattern.

The monscon trough remained guite active the
last two waeks of Atxjust.The disturbam= which
eventually evolvad into Pat, origimted in the wake

of Typhcon lielsm as it moved into eastern China.

The 2419002SignificantTropicalWeatherAdvisory
(ABPWR21’w)first identifid thisdisturbanceas an
area of enhancedconvectionin thenmnsoontrough.
The convergencein the southwestmonaoa flew
ccnbice.dwith upper-leveldivergenceprwided an
enviromcentfavorablefor cvntinud develcpnent.

The firstTrcpicalCyclcneFormationAlert
(!IC!FA)was issued at 2515302when synopticdata
indicatedthe minimumsea-levelpressure(lSLP)
ha drcppd to 1002mb and winds of 25 kt (13R#s)
here present. An aircraftreconnaissancemission
flcw to investigab the regicmcn the 26th. Although
it was unableto I.cxsatea circulation,the fiatacel-
lectadindicatedthe disturban= was developing- “the
MSLP had fallento 999 mb and 40 kt (21I#s) winds
were observedcn the soutiside of the mmaocm
trough. As a result,the ‘ICFAwas renewedat
2615302. Figure3-13-1shws the activemonsom
troughat &is time. The disturbanceis visible
cm the westernside of the imagerywith ~hocm
Cdessafurtherto the east.

Aircraftrecmnaissanceearly cn the 27th
locatedthe circulationcenter,pranptingissua~
of the firstwarning,valid at 2700002. By this tim

,

Figtie3-/3-1. Tht tILopicM di.btibance which became
TgphoonPa-tb v.di.b.teu.4an ohgo.nizedUAea 04
convection.& the monboont.tough.(TgphoonOdti~a
can &o be ~eenl (2613z~Z Aw?~~ ou~ ~6JUVCCZCJ
imagezg).
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Pat, due to the enhancedsouthwesterlynwnsconflew,
alxeadywas at tropicalstorm intensi@. - nxm-
tionedearlier,a largenunberof clifferentfactors
needd to be taken into accountin PatIs forecast.

Determining the directicnof the trackkm
the firstprcblem. Becausethe cyclonewas pcorly
definedm satelliteimageryand as a consequence
clifficult to position,pat was believedto be moving
west-ncrthwestfor the firsttwo warnings,when
it was actuallynmvingeast-northeast.This was
criticalsincepersistencefrcmpest nmvementis
often a major forecastcmsideration,especiallyin
the short term forecasts. Figures3-13-2ad 3-13-3
shcw sane of the data availableto the forecasters.
A streamlineanalysisof the 2700002August500 nb
dab has been ccn@eted in Figure3-13-2to shcw the
lccaticmof the subtropicalridgenorth of Pat.
Figure3-13-3depictsthe firstset of forecastaids,
using the east-northeastpersistencetrackas a
basis,alongwith the forecastand best track. l%e
nmst strikingfeatureis, that despitea lot of
differentoptionsprovidedby the aids,none really
hit the mark at seventy-twohours.

Figtie 3-13-2. ki.id-tiopo~phtic (500 mbl Wind {Zuo
at 2700002 kguh.t. Tkc dominant Aynopticdea.tumed
the Aub-tzopicalmidge Sx.tendingatiobh China and
Japanto Zhe notiho{ Pat.

20

hit the mark at seventy-tvmhours.

The forecastcalled for Pat to move along the

nnnaccm trough to the eest-northeast; separatefran
the trcugh,and turn back to the west—northwst
um36x the subtropical ridge. l%is w9sin reasmable
agreemsntwith the Cn-y InteractiveTropical
CyclcmeFKx3el(CYIt21)ucdelwhich is usuallythe
best performingforecastaid. The FleetNmmerical
@eancqraphy Center (=) 72-hcur500 * Navy
OperetionalGlcbalAtnwpheric PredictionSystem
(NCGAPS)prcgnosiscalledfor & ridge to weaken
as a trcughnmved eastwardacrossm~olia. It
appearsd,tier, that the ridgemuld remainstrcag
encughto P=ep Pat southand west of Japan. ~ it
turredout, the prcgmais was slew on the movemnt
of the trough,which resultedin the ridgewsakening
over westernJapan.

For be rest of the 27th and all of * 28th,
Pat remind in the mmeom troughand continued
driftingto the mrtheast. me forecastsituaticn
was furthercomplicatedby the presenceof Typhcul
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westwardat this stagedue to binaryinteractionwith
Pat rather than fran a response to the ridge. Visual

satellite imagery early aY the 30th (Figure3-13-5)
shcws the two wre spatially proximate. It is
reasonableto believethat if Pat had been the caly
trcpicalcyclcnein the regionat thistime,the
forecastprcbablywould have been changedcn the 29th
ratherthan m the 30th;providingJapan an ~di-
tional24 hours of warningtime.

With the zx5ditional data received cm the 30th,
it kcame evidentthatPat was not respondingto the
steeringflew of the ridgeand was going to hit the
Japaneseislandof Kyushu. The 3012002forecastwas
the firstto reflectthischange. Figure3-13-6
shinsthe 500 mb dati availableat that time. men
cunpari~ it with Figure3-13-2,it is evidentthat
major synopticchangestcokplace in sevemty-tvm
hours. The anticycloneover tieChina coastwas gone
and a troughwas lccatedjustnorthwestof the Korean
Peninsula.

m in-depthlook at the interaction betheen Pat

and Odessa, revealed the two typkors rotateii cyclon-

ically around each other. ‘The af fact CXI@es*’s

track was greater, however,sincePat was the larger
system. (Measakept movi.rqwestward,aidedby inter-
actionwith Pat. It was inter~ting to note thatPat
did not turn to the northti ax4eraW untilOdesaa
r-ted acrcas to the narth-mrtbwest. Thenrasaocxl

aa Pat was east-northeast of odeaaa, @essa turmd to

the northeast and both cyclones a=elerated into the

Sea of Japan. The cl=t point of a~roach between

tbetwwaa270Enn (5001an).

At thatpoint, the forecastwas straightforward
with extratrcpicaltransitiontakingplace in the Sea
of J-. Figure3-13-7shcwaPat duringits tran-
sitionwith stablestratcxmnnuluscloudspresent
arounda largecpen centerand convectionlimited
to tk northeastquadrant. Pat Canpletd extra-
ticpicaltransiticmat a~roximately 3121OOZ. The
warningscontinua warningcn the systemuntil it
rovedacrcastie islandof Hokkaidoin nm?cheastern
Japan. The finalwarningwas iasud at 0112002.

~ pat causedsignificantdamagein south-
westernand nortkstern Japan;primarilycn the
islandsa Kyushuand Hokkaido. Kyushuwas hit the
hardestwiti wind gustsof 107 kt (55II/s}reported
at 3019402in Kagc6hima(WM347851). MisawaAB
(WM347580)recordedsustainedwindsof 33 kt (17I#s)
with a peak gust @ 52 kt (27II#s)at O1O71OZwhen
extratrcpicalremnants of Pat creasedthe northern
Japaneseislan3s. A totalof 23 pecplewsre reported
killedwith over 180 peopleinjured. llnestimtsd
3,000baneswsre damagedarid148 watercraft of
=rying sizea lat. Pat also severelydisrupted
~ansportatim by lard,sea and air.

Figu)w 3-13-5. Typhoon Pal moving noma%wmd hwazdA
KLJubhuand -GUwuzc.tingwith Typhoon Odabba. PaX d
Ike .tiazgctOff the .tlUO typhooti13005382AugtiC NOAA
V.dllatinklga.g).
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Figute 3-13-6. M.id-.tzopohphtic (500 mb) wind &20w
a-t3000002 Aug@t bWent@Wo hom a{.tetF-iguae
3-/3-2. The aticgtione ovezZhe coaA-tad Cki.nab
gone and a Zzough.i.Amovinginto the Aegion @om .tIte
notihwe4X.

Figtie 3-13-7. Pat hab nutlg compLtied Lt4
Ymtin to an @JuIXAopi4 .tOUIin the Sea 06

The convetin A moving .tothe nonthmt
leauhg behind a bnoad, L?XpOb& k%w-levet ticu.tdion
centti (311813Z Augu6.tNOAA in&@M?cI imagemj).
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TROPICALSTOW PUBY (14W)

Ruby was the last of three disturbam to
develcp in the active southwest umaocn trough mar
20N latitude duringlateAugust. Unlikeits’pre
decessors,?yphocns03essaand Pat, Ruby did cot
engage in any ccnplexbinary interaction, but

appe==d to rem in a solitarysysten. Rubyws
noteworthy in that it trackd directly over the ~kyo
metropolitan area.

On 24 August the well-develo@ monscontrough
was displacednorth of its climatolcgicalpsiticm
aml providedlargescalelow-levelconvergi~ flcw.
This flowwas the ccnbinatim of the southwestmm-
soon and the southeasttradeaaroundthe routhwest
peripheryof the strongsubtropicalridgelocatsd
east of Japan. The lo+level mmexxm trcmghFad a
narrwr but active,trqical ~r-tr~spheric
trough (~) locatedaloftand to the mnth, and the
upper-levelnear-equatorialridgeto the south.

~qtlc data on tie 25thof Augustrevealeda
small (60nm (111km) diameter)circulationwith a
minimumsea levelpressure(~) of 1006nb 330 nm
(611km) south-southeastof the islandof okinawa.
Initialmnticm of this area appearedcm the 2506002
SignificantTropicalWeatherAdvisory(ABFWIK31W).
The disturbanceweakeneda day later. Post-analysis
showedthe circulatim trackeileastwardati tlx?
convectionassociatedwith the disturbanceesbibited
typicalnmnsccndepressioncharacteristics- sane
curvature,but the enhancedcomixtion cnlyon the
equatorwardside of the trcugh. Increasedsurface
winds of 25 kt (13#s) cm tie easternsideof the

circulation and a steady drcp of sea-level pressure
to 1002n-b,pranptd na.zmenticnof th disturhsnce
cn the Significant‘rrcpicalWeatherAdvisory (ABPW
PGIW)at 2706002. A Tropical@lone FormationAlert
(’ZCFA)followedat 2718002basedcm a 25 kt (I3tis)
satelliteintensityestimatebased cm ccmvectim that
had cmsolidated into a ragged=tral densewercast
(CZX3)feeture. Aircraftrecmnaiasanaswas subse-
quentlyscheduledfor the daylighthours of the 28th
Of AWust. At that time the-typhocnforecasterwas
facedwith a dilemma:was the flar-up of convectim
at the end of the nxm?ccmtroughjustanotherclash
of the lmlevel aoutheasterlies,or was the signat-
ure thatof a maturingtrcpicalcyclcme? Rubyts
relativelyclcee proximity to T@- Odessa (to the

northwest) and the apparent weak surf ace inflcw in

the nortlwest quadrant, as depictedby the s~rse
swoptic *tat deepenedthe uncertainty mncerning
the intensity of the systein.

l%e questicn was answered when the initial

aircraftrecmnaissancemissim at 2800202rqmrted
an elfipitical eye formingand a mininnsnsea-level
preSSure of 982 inb. %Sed ~ this information,the
firstWrning on TrcpicalStormRuby Ws isswed
innnediately.SatelI_.iteimageryshcwd ttrsc1cudi-
ness was cana shapd with a largebard of convac-
ticn caninginto the centerfrcm the southeast. This
convectiveM was positimed over tilestrciqsom
of mnvergence betweenthe monsocnand the southeast
tradea. The dsta sparseanalysisat 2800002,shwn
in Figure3-14-1,depictsthis ~nvergent area.
Additiorbslly,aircraftreconnaissancereportedhat
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maximumsustainedwitis of 50 kt (26#s) with gusts
to 65 kt (33I#s) were restrictedto the areaof the
l-level convergenceand clcudband. Elsewhere,to
the west and soutbwsst,tke aircraftfourdcmly 15-30
kt (8-15m/s) surfacewids. Figure3-14-2shcwa the
Oximityof Odessa to Ruby.pr The continuousvertical

shear frctnthe cutflowof c&sea to the nortiswast
aPPea= to have hanperedR&y’s furtherdevel-t.

Wing the folknvingtwenty-fcur kours,Ruby
turnednortheastwardand gradually increasedspeed.
Finally,lateon the 29th,Ruby appearedto be break-
ing free of tbs monsom trough. TM forecast philos-
cpby throughoutthe 28thand 29th of AugustWS for
I@y, like -sa, to turnmm westward,stayequa-

torwardof the narrcwsubtropicalridgeand FWS
Southof Honshu,Japsn. This forecastscenariowas
basedon Ruby’sinteractionwith ‘1’y@mmPat. Ruby
was forecastto be pulld aroundthe northern peri@-
ery of Pat’smuch largercirculatim, whichwas
centerd southeastof Okinawa,Japan. Initially,the
syncpticsituationand, as a result,the meteorlogi-
CS1 reasoningapp2aredto be similarto that fcr
05essaand contraryto guidanceprovidd by the best
forecastaid, the One-way‘1’rcpicalCycloneMcdel
(G’lCM). CYIU4nmved my northwardinto tie subtrop-
ical ridgeand towardsHcnshu,Japan,but at a slcxer
speedthan it had previ-ly with Cdessa. CYIU4
apparentlywas respxding to the approachof a mid-
latitudeshortwave trough. Figure3-14-3ccaKMres

F.igL#LIz3-14-2. Ni.gh.ttimmoonUgll.tM-@U.Lte imagwuj
O& Ruby. Tht C.LOAe ptox.inuXgo{ Odc%~a .toRubg
UPPW ~0 kc hAMPQJL& Ruby’h &mthA davtipment.
Ruby & n- maximum .LtienALtg o{ 55 b-t [Z~m/A)
(2812411ZAuw.M IMP vtiaa.t.imagwj).
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m guidancewiti the forecastsfor warnings04
through08. By followingthe forecastphilc60phy
that OICM stillcould not resolvethe narrcw
subtropicalridge (dueto its largerinterml grid
spacing), the warningsfaikd to reflectRuby’s
gradualrecurvatureand subsequentlandfalluntil
approximatelysix hours beforethe event.

Over a thirty-six hour pericd, between 2812002
and 3000002,the TropicalStormmaintaineda maximum
intensityof 55 kt (28tis). Ruby packed55 kt (28
tis) winds as it moved scuthof Tokyo,Japan,but
bsgan to weaken justprior to movingintolbkyo13ay

aml the Ranto Plain. Satellite imagery shcxA R@
lost most of its central convection before making

landfal1 due to interaction with the mid-latitude
westerlies. Yokosukareceivd maximumsustaind
winds of 33 kt (17ds) with gusts to 47 kt (24tis)
at 3014202,as Ruby passed 5-10nm (9-19km) to tile
east. Ouring this pericxlTokyo received three i*
(76nun)of rain and minor damage- treesdcwn,
windowsbroken and FCWer outagesfor thousandsof
banes. After twelvehoursover land,Ruby moved back
into the Pacificand ccanpletedextratropical
transitionat 311OOOZ.

/ (J od
.*6

— JTWC FORECASTS (4 THROUGH 8A) ./

-.-” ‘. OTCM (5 THROUGH 8) \sf
/

/“

1:5E

+

+

F.igum 3-14-3. A wmpazdon 06 OTCM gu.idanccand the
~OkWAtA ~Ok @W WOM&g4 (04 .&tough 08].
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Ty@mon Skip was the first
Pacificto be warnedon by toth

TYPHOcN

systeinin the North
the Navalwestern

CceancgraphyCenter (MKXj, PearlHarbor,Hawaii
and the JointTyplmm WarningCenter (J’IWC), since
TropicalStormCarnwm (02)in earlyApril, 1980.
(Note:Trcpicalcyclmes east of the datelineare
the re?$crraibilityof the CentralPacificHurricane
Center (CPHC),Honolulu,Hawaii,but all warnings
and alertsare issuedin coordinationwith -.)
Skip develcpedin the centralNorthPacificand
transitd the datelinetwice. Additionally,the
systemachievedtyphom intensitytwice:once eest-
southeast,and then laternortheast,of Wake Island.

Satelliteimagerydetectedan =ea of organized
ccmvecticnalongthe near-equatorialtroughcn the
28th of August. This disturbanceracedwest-north-
westwardfor the next forty-eighthcurs urderpres-
sure fran the strongmid-Pacificsubtropicalridge.
On 30 August,despitethe 20 kt (10tis) plus move-
ment, sabelliteimagesshwed the clcudsystem’s
organizationhad increasedsignificantly.This
prmpt~ the issuanceof a TrcpicalC@me Formaticn
Alert (lK!FA)at 3017302by NWX. Alm=t immediately
the ‘lITFAwas followedby the firstwarNng at 3018002
on TrcpicalDepression02C. Aa Skip transited~
datelinefrcm east to west, it becamethe fourth
of what wmuldbe a five trcpicalcyclonescenario
in the sameoceanbasin. The other systeimtit were
part of this unusualwent ware Ck3essa,Pat, Ruby
near Japan and Tess southwestof Guam.

Respcmaibilitywas tranaferrd at the dateline
fran NTKk2to JIW for the accordwarning. The
follwing warniW Waded Skip to a tropicalstorm
at 3106OOZbased cn satelliteintensityest.imetes
(pxs.tanalysislatershowedthatSkip h?d reached
tropicalstormintensitysix hoursearlier,at
31OOOOZ). Coincidentwith intensificationSkip
also began m slew ita forwardmoticn. The ayatein
cbtainsdtypham intasity at 0112002. A wsaken.img
tretiset in cn 02 Septmber as a mid-leveltrough
approachedfran the northwest,but Wake Islardwas
still threatenadby Skip’sapproach. Finally,labs
on the 3rd,Skip turnd away fromWake Islandand
nmved tcwardathe north. me l?r~icalCyclcnethen
executedan abruptturn to the east ard movedeast-
ward for eighteenhours. Duringthispericd tie
centralconvectionwas displaced,by strongerwinda
aloft,to the east and rortheastof the lw-level
circulaticmcenter.

on 05 September,after thepassageof a mid-
leveltrcugh,Skip resumeda northwardtrackthrcugh
the subtropicalridge and began to intensifyand
accelerate. A distincteye develcped(seeFigure
3-02C-1)aa the peak intensityof 80 kt (41I#s) was
reachedon 07 Septti. But this peak was short
lived,as increased wind ahear aloft franmid-lati-
tude westerliesand interaction with a trailingcold
frontcame intoplay. Rxtratrcpicaltransitionwas
rapidlyccanpletednear the datelineat O721OOZ. @
warningresponsibilitywas trensferred fran .llW to
- once again as Skip transitedthe dateline,this
time franwest to east,and - 2astwarningfollowed
at 0800002.

SKIP (02C)

In retrospect,Skip
castingdifficultiesdue

providedits shareof for-
to its lccationin the data

sparsecentralNorth Pacificand the ccn’plexinter-
actionbetweenmid-latitudstroughingard the sub-
tropicalridge. Skip also proved to be a challenge
fa the 54th WeatherRemnnaisaanceSquadrcn@ fly
primarilyfor two reasona:its remotelocation,which
r~ired sta9in9 at the islandsof Kwajaleinand
Wake; and the simultaneousomurrance of the multiple
tropicalcycloneoutbreakin thewest- lbrti

Pacific, that stretched aircraft remnnaissance
assets to their limit. Once it became apparent that
Wake 1sland was m longer threatened by Skip, air-

craft reccnnaiasance tasking was cancelled.

Figure 3-UPC- 1. Typhoon Sk@ at maximum -iWtenAitLj
wti a wti de@md we. SklpaMa.LQ a.t.tkeendodu
co.td{ZOM ctoud band .i%d ex&n& to the notiea&t
(070z’29Z.septembtiNOAA .imagvqfl.
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TYPHCKMTESS (15W)

Typhoon Teas, the first uf five significant
trcpical cyclcmss to davelcp in September, origin-
ated as a lcw latitude disturbance scutkeast of -
(w?-$191217). Althoughbringingneededrain to the
Philippinesduringa s@l of drier than normal
*at&r, ‘l?essalso broughtunwanteddeathand des-
truction. Fcur peoplepariskd, severalwere missing
and at least 300 *re lefthomelessas this tropical
cyclonecra%sednorthernLUZUI and disruptd air,
groundand sea transportation.In alditicn,a
tornadospawnd by Tess, ravagedthe coastaltcwn of
-KY, 50 nm (93km) southof Manila (W 98425).

During the last days of August, the mmsccKI

trough was displacailpolewrd and extended frm the
mrthern South China Sea eastward enccanpassing

~s Pat andOdessa,and‘Bxpical stormRuby.
This lefta broad zone of lcw-levelsouthwesterly
flmr acrcsstbe Philippiw Sea. The surfa@
gradientlevelstreamlineanalysisfor 2800Q02
(Figure3-15-1)indicati anticyclmic flw over
Guam ati a cycloniccirculaticmto the southeast.
‘l’hisCyclaic circulationcanter,whichwas moving
northwestward,remainsdat tk westernend of a band
of maxim.mclcudineasthatshcwedno organization.
Initialconditionsfor develqxnantof this lcw lati-
tode disturbancewre unfavorablebecauseof the
s- verticalshearfran the squatorwardOutfla+
charml of the multipletropicalcyclcnesto the
north.

At 12002on 30 Augustsatellite&ita indicated
that the area of cloudiness,them located300 nn
(556km) west of Guamr bad shown a marked increase
in organizationand amountof convectionover the
previcua12-hcurs. Syncpticdata at tit time con-
firmsdthe existenceof a lar-levelcirculation,a
gradualdecreasein se-level pressureand witis
est.imtedat 10 to 20 kt (5 to 10 m’s). Thesedata
prmpted issuanceof the firstof two ‘ICFA’sat
3019302. Aircraftracmnaissanos was requested for
the -t day.

Gn O1O126Z Septssnber, the first aircraft
recmnaisaance flightinto the systemverifiadthe
lcaationof the surfacecirculation,and found

surfacsswinds of 30 to 35 kt (15to 18 nis) @ a
MSLP of 1003 mb. The first warning on Trqical
Depression 15W followd at O1O4OOZ. The center of
the depression was located 600 run (1111 km) east of
Manila . The tropical cyclone was moving rapidly
westward under the stewing influence of the sub-
tropical ridge which lay to the north. AS the system
matured, satellite imagery detected the formation of
a ragged Central Dense Overcast (C?30). 3ased m the

persistent @ and associated intensification trend,
Tropical Depression 15W was qqraded to Tropical
StormTess at 0112002 (PostanalysesshowedthatTess
actuallyhed reachedtropicalstorm intensitysix
hours earlier). Aircraftreconnaissance36 hcnws
laterat 0223512fcund 65 kt (33tis) maximwnsurface
winds and a II%P of 983 b. AS a result,!&ss was
furthery?grtiedto typhom status. At that time,
TyphconTess was locatedby a cunbinationof air-
craft,satelliteand radar informatim approximately
130 nm (241km) east-northeastof Manila. Tess wes
destinedto make landfallover LUZOnwithin six
hours. As Tess nearedLuzon,it took a jog to the
northwestsparingthe Manilaare frcn the strongest
effacts of the typlmmn.

Landfallover mrthern Luzon resultedin the
teu??orarydwmgrading of T=S to a tropicalstorm at
0312002. Hwever, within elevenhours Tess had
clearedLuzcnand was againover water in the South
ChinaSea. Redavelcpnentto typhcxmintensitywas
forecastand did cccurat 0500002when the ~hom
was located170 ran(315km) SOUthof HOW Kong
(WFfl45005) (Figure3-15-2). Tess continuednorth-
westwardunder the influenceof the subtropicalridge
and witi n 24 hoursroved inlandOVGX the southern
coastof meinlandChina near Yangjiang (?FK)59663),
120 xnn(222km) WaSt-aouttistOf Hong Kong. The
finalwarningwas issuedat 0606002.

Despitepassingwall scuthof Hong Kong,Tess
generateda peak gust to 60 kt (31tis) at the llqyal
Observatcmy,and 65 kt (33#s) at the Hong Kong
InternationalAirport (WM345007). Altkugh cmsid-
erableflccdingand crop damagecccurredover
soutlxsrnChim as Tess wed inland,therewere no
reportsof death m injuries.



Figluw 3-15-1. Tha 280000Z Augu&t m@fce/ghadient
Lw& &%zan@me ana&jbi6 o~ -the bowtkioeAt motioonal

Jtcw amhh the PWPinJ2 sea. The &xo-&Xude
di..4tiU.flCt ~outheo.6tOd GuamWUA the ptttiOfi 0~
TebA.

,
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F.@me 3-?5-2. TgpJtoonTeAA, W.WI u tigged ege, neaA
peak i.ntetiilg. The coa&%i.ne along the notihenn
Gut{ o~ Tonbin i..bXo the wti.t o{ TUA8 c-iAAuAou.t@xu
[050229z .sw-teJn6~uw utiuut .image,y).
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TYPHCoNANDY (18W)

Typhmn Andy was a relatively short-lived
trcpicalcyclcoe. Developingin the .%uthChina
Sea, My transitd uneventfullyto the west-scuth-
west. Altlmughthe cyclcnemade landfalltwiceat
ca near typti strength,therewere m reportsof
seriousdamage or injuries.

The disturbancethateventuallydevelqed into
TY@CXXIAndy wss firstdetectedlate cm 25 September
aa a smll area of intensecmnvecticnin the mxISocm
trougheast of the Philippines.This cmpact CDO
featurewas part of a largerarea of disturbed
weatherwhich had parsistd east of llindanaofor
severaldaya. l%e southernPortia of this large
area had been the subjectof a lWA on the 24th and
25th . when the area of COnvecticnHOved northwst
acrcaanorthernLuson earlyon the 26th and entered
the SauthChina Sea, develcgmantof Iux3ybegan in
earnest.

se- 2600002 and 2700002 the trcpicaldistur-
bancemoved to the west-northwestand slowlyconsoli-
dated. Coincidently,an earlyseaacnsurgein the
northeastmonsocmwas UI@erwaygenerating25 to 40 kt
(13to 21 n#s) winds acrossthe TaiwanStraitsand
the northernSouthChina Sea. Tnis surgemost pr*
ably contributedto the excessIOtelevelcyclmic
vorticityneededto producx2a leesi~ &rcu3aticm
off tie mrthweat coast cf Luson. The dwelqanant of
this l-level vorti is thought- have aidedthe
develqaxentof Andy. At 270000Z,Dvorakintensity
analysisof the cloud systemestimated30 kt (15n#s)
surfacewin3swere present. Sparsesupporting
SYnOPticdata at that * shcwedcnly 20 to 25 kt
(10to 13 nVs) surfacewixr3snear the disturbance’s
center. However,due to the inprwed organization
and the _taticn for furtherdevelq.xnent,a lU?A
was issuedat 270300Z. ties thanthreehcurs later,
satelliteimageryrevealedthe presenceof a par-
tially-ad lcw-levelcirculaticmcenter.

Over the next 24 hcurs,the systemcontinued
to IIK)Veto the wst-northwastin the monaom trough.
Despite the presence of the lcw-level circulation
center m satellite imagery m the 27th, aircraft
reconnaissance early on the 28th was unable to find
a surface circulation. But, because winds of 25
to 30 kt (13 to 15 tis) and a 1001mb MSL@ were
cbserved,the ‘lCFAwas reissuedat 280300Z.

‘l’hefirst warning m AI_@, ss TrQical Depres-
sion 18w, followed several hare later at 280600Z.
BY that time it Md becxzm apparent the system was
more than just a benign circulation in the mmscm
trough. Dvorakintensityanalysesby IXO different
ticticalDMSP sites estimated the intensity at 30 and
45 k.t(15#s and 23 tis). AS TrOPicalDepression
18w matured,it came umler the influenceof lCU- to
mid-levelridgingto the north. The TrcpicalCyclcne
respondedby turningto the west-southwest.It moved
in thisdirectionfor the remainderof its lifetime.

Continuing to intensify, Andy attained typhoon
strength about 24 hours after the firstwarning,at
2906002. At that time,the 5vorakintensityanalysis
was a T4.0, ~ 65 kt (33#s) surfacewirda.
?mdy’s intensificationto a typhom coincidd with
the formaticnof a smallraggedeye. Ty@ccm Ar@
firstmade landfallm the sc&hern tip of Hainan
Islatijust east of Yai-Xian(?29359948)at 2918002
with UaxiXUnsustainedwir& of 65 kt (33II#s),gusts
to 80 kt (41tie.}.After a glancingblw to Iiainan
(Figure3-18-1), A@ ccntinud weet-sathweatward
ecrce5the southernGulf of Tmnkinand reachedits
maximumintensityof 70 kt (36n#s) at 3018002.
Ty@om ?irdymade landfallas a minimalstrength
typhom approximately30 mn (56km) north of Dong
Hoi,Vietnam (WFK)48848)at O11OOOZ. The trcpical
cyclonerapidlywakend as it nwved inland. The
last warning, issued at 0200002, downgradedAndy to a
25 kt (13n#s) tr~ica.1depreasim as it dissipated
over centralLaos.

Altkugh a tiopi-1 cycl- of thismagnittsla
wcmld ~ly be _td to causewidespread
damage,rxne was reported. Extensivepreparations
made prim tD the cyclme’s arrivalprobablylessened
the @act of Andy’spassage.
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TWHC@l BRHJDA (19W)

TyphconBrendadevelcped fran a bread,persis-
tent area of convecticmin tie mcnsocntrough.
Ita Lifewas influencedby two mid-latitudetroughs.
The firstcausederraticemly movemnt. The accord
causedBren& to recurveinto the mid-latit@? west-
erlies,a trackwhich was wall-for=astby the Joint
l’yphwmWarningCenter.

me disturbancethatmld bacme Brendawas
firstnoticedon 25 Septedxz as a largearea of
~rsistent convection=utheast of Truk (K?4391334).
(Fartherw5st, the early sigrsof TyphocnAndy were
evidentin the westernPhilippineSea). Althoughthe
systemwas disorganized,god uppar-lwel outflowwas
wident. ‘l’heproximityof the ticpicaldisturbance
to Guam ati ita impressivesatellitesignature
resultedin the issuancaof the firstof four‘ICFAa
at 2522302. tircraft reccnnaiseanceearly cn the
26thwas unableto locatea surfacecirculaticm,
but did fiti a brozd area of troughing. ‘1’lEarea
trackednorthwestthroughthe 26th,with the conv-

ticncovering a broa5 area and u&per-leveloutflm’
remainingfavorable. This prcnpted the reissuance of
the ‘lCFA,at 2622302, but onos againaircraftrecon-
naissanceearlyon the 27thwas unableto locatea
circulation.This scenariorepeateditselftk next
day. Finally,late cm 28 Septen4x3r,the &p convec-
tion began to sh~ an increasein anmuntandorgani-
zation. A few hours later,after the fourth‘IU?Awas
issued,aircraftreconnaissancefeud a closed15 kt
(8tis) circulationat 2903292. ‘lheslew deve@-
mant of the disturbancewas surprising,since it
appared thatall the necessaryingredienta for
develqxrentwere present. It is thoughtthat the
extemelybroad size of the disturbancemay have
preventeda fasterdevel~t, which is mre typi-
cal of WESTPACtropicalcyclczms(Figure3-19-1).

The firstwarningon Brendawas issuedat
2923472, valid at 2918002,based qmn aircraft
reccnnaiasan~which locateda 20 kt (10u#s)
circulationand a tSLP of 1000mb - a ~ of three

Figtie 3-19-I. Vima.t i.mag’uy Od the 7710p.icaZ
@A.ttu&ance & the time ai.mJuz&tzacoana.i.&ance@At
.tocateda hti~ace c.i.zc.ddioncen.tek.ThiA O@UW@
bmxzdMea o{ convectionAhaued lZt.tte change {horn
the 25th thtough the 28th. Moht o~ the cwxztwte due
.toan uppm-.tevti anticgcbne. The abnom@Ltg .WLge
&ize o{ the ddtibance mug haue dixoed devtiopment
[2901072 Sep.tembu DMSP viwal? .i.magq).
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millibarsin less than 24-hours. Initialforecasfi
calledfor the s~tem to graduallyincreasein inten-
sity,move west-northwst and crossnorthernLuzon.
This was based cm tie expectationthat the sub-
tropicalridgewouldmaintainitselfnorthof Brenda.
But, Brem3amovad wsst-scuth,restfollowedby a brief
turn to the northwestbeforea~ently capleting a
smallcyclcniclccpon 1 C&o&r. Thesemovements
were relatedto the passageof a mid-latitudetrough
to the mxth. Althoughthe tioughdid not ccupletely
weaken the ridge,it erodeclthe ridgeenoughto
affectthe steeringflow. As a result,Bren3amov@
slcxvlyand erratically.By the 2nd, tk trcughhad
passedto the northeastand the subtropicalridge
beqan to rebuild. Brentbrespondsdby turninqback
to- the west-northwest bile &ntinuifi to int&sify,

eventually reachingtyphocmforceat 0118002. At
that point it appearedthatBrerdavmuldmiss
northernLuzcn and track justscuti of the islati
of Taiwan.

On 2 Cctcber,aircraftreconnaissanced2tem
that the,~hocn had increasd in strengthati was
mxe circular. With anothermid-latitudetrough
approachingfrcm mainland China,it appear~ that
Brenda’sback would againb affectd in 24- to 36-
hours. Using this informationand the beliefthat
the subtropicalridge was mt going to build far
enoughWest to drive BrencLathroughthe LUZCZ)

straits, the forecasttrackwas ~vised to recurve
Brendaaround the end of the ridge just east of
Taiwan. Figure 3-19-2shcws the forecastaids
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F.@tie 3-19-2. Fokeea4t ti al Z4-ltowLi.n.texvafx,
when the @At aecuzva.tute~ofiecatw .iAued,tie
cmpazed to the utah.n.ingand %tenda’A beb.ztick.
&)h.ite~ome a.iib(NTCM,COSMOSad TYAN RECURVER)
{O?WMAX fiecuhvtie; OTCU, JTWC’h bu$ d duIL@
the PUAX fjw yexuL.4@-f.4 to indicate aectmvtiem
AU d tie A.LGwin fjonewt.ing the bpeed% 06
movement dwi.ng Aecuhvttttme.
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availableto the !Irx3when the firstrecurvature
forecastwas issued. This forecastdifferad
considerablyfrcrnthoseof otherwarningagencies,
but proved to be quite acmxate, althoughthe speed
of mcvsnr2ntwas slow.

Bremdahad a uniquesignaturecm satellite
ima9erYbecause of ite extremelylargeeye. tir-
craftreconnaissanceconfirmedtie existenceof a
largebandingeye on 3 C@xber. Satelliteimagery
shca+ada raggedeye, often largerthan60 nm (111km)
in dimter (Figure3-19-3). The largeeye lasted
fran 0300002untilBrerdamoved aroundthe ridgeand
began to accelerateinto the westerlieson 4 Cctcber.

Duringrecurvature,Brendaperfonmd as bx?-
cast. It reacheda uaxirnumintensityof 90 kt
(46n#s) at 030600z,and maintainedthatintensity
for 24-hours,aa it turnedb the cortiand passed
east of Taiwan. l.kiierthe influenceof the mid-

I.atitudswesterliesnorth of the ridgeaxis,Brenda
bxned to the nxthaast and accelerated,paasingjust
southof Korea cn the 5th. Extratrcpicaltran.siticn
was underwayby 0500002ard tie finalwarningwas
issud at 0506002. The extratrcpicalremainsof
Brendapassed throughtie Korea (Tsushima)Strait
ard enteredthe Sea of Japanat 0512002before
slcwingdown and wakening.

Knmn damagefran Brendawas limit63b tbs
southernKoreanPeninsulaand cdjacentkLSIXk.
Nearly 12 inches (30cm) of rain was repxtsd owr a
largearea. The Korean t?aticnalDisasterRelief
Centerreportsd14 dead, 43 missing,ard damage to
167 houses,630 watercraft,and 34,600.acrea(14,000
hectares)of rioe paddiesas a resultof th storm’s
passage. Damagewas greatestm the islandprmince
of Cheju and the two provincesnear the coastalcity
of Pusan (W@ 47153)in the southeastcornerof the
peninsula.

Fi.gume3-19-3. Nighttimeenhancedi.n@uLedimagwy
06 Bmnda’b .tahgeqe. Tkeeged 75 m [139fan]in
di.amatm(0314072Octobm DMSP enhanced.tn@vu2d
.inlagelg).
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SUPER ‘rYPHOm m (21W)

After Typhmn Brerda,whi~ W developA in the
low-levelsouthwestnbmsocntrough,canpletedextra-
tropicaltransiticmcn the 5th of Octc&r, the mid-
levelsubtropicalridgebecamewell-establishedover
the WorthwestPacific. This syrqtic featurewmuld
confinethe devel~nt of tropicalcyclcnesto lcw
I.atitdesnear 10N in the near-equatorialtrough.
Also coincidentwith Brenda’smovementto tie north
was the replacementof the lcw-levelsouthwest
nmaocm flowover the SouthChinaSea with rmrth-tc-
northeasterlyflew off of the Asiancontinent.

TyphocnDot WS the cnly supertyphocm (inten-
sity equal to or greaterthan 130 kt (67I#s)) of
tie 1985WESTPACseascm. It intensified(deepensd)
explosivelycausingintensityforecastclifficulties.
Other distinguishingcharacteristicswere the small

size of the area of intenseconvection,the small
radiusof maximumwind, and the absenceof low-level
southwestmonsocminflow. Also of interestwas the
largewird radiusin the northwestsemicircle(when
it was lccatedsouthaastof Luzon)where surface
windswere enhancedby a strongpressuregradient
betweemthe tropicalcycloneand a polarhigh
pressurecell locatednear 40N 11OE.

Dot was firstdetectedas a tropicaldisturbance
in the near-equatorialtrough,150 nm (278km) south-
east of Pcnape (WFKl91348)m the llth of C&c&r.
Figure3-21-1shcwa the disturbancecm the 12th of
Octoberexhibitingsignsof organisaticnin ita
upper-leveloutflow. The s~tem movedwest-northwest
and reachsdtropicalstorm intensitya the 13th
southof Guam.

F@@ 3-21-J. SupetTyphoonDot aA a ddtuhbance in
the nem-eqtio~ tioughwtik Aigvu otjozganired
uppa-levti OU@OW [1200062OctobezDMSP V.LSIMI
~941 .
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The trackforecastsfor ‘l?y@mmDot did mt
presentany significantclifficultyfor the fore-
castersat JIWC. Figure3-21-2shcxrsthat the
mid-leveleasterliesdaninatethe TrustTerritories
wsstwardthroughthe PhilippineIslar& and into
SoutheastAsia at 120000z. With no change-ted
in the orientationor strengthof the ridge,a
west-northwesttrackat 10 to 20 kt (19ta 37 kdhr)
under this ridgewas consideredto be the best
forecast. This was in agresmentwith climatolcgical
and analogforecastguidance. The two numerical

kdel) and l?lC?4(Nested Trcpical@lcne Mel), were
of littlehelp during the crucialfirstfar days of
forecasts(whenCot was approachingthe Philippines).
Due to ccnputerproblemsat Fleet Numerical
OceancgraphyCenter (FNX) the olderPrimitive
Equation (PE)rcdel was run in place of the Navy
OperationalGlcbalAtmosphericPredictionSystem
(NDGAPS). Later,it was detennine5that ~, when
runningwith data frcanthe PE mcxiel,didn’t have
accessto the necessarydata fields. Subsequently,
OTCM Was tiified to accept the needed&ta.

mrdels,~M (On~ay interactiveTropicalCYClOm

F@Ju? 3-21-2. 400 mb Nunitico,tv ‘Wuu-tiOnd ?#za&jA&$
[NVA)at 120000ZOctobm Ahcwinge.m.ttiti oven
DOZ’h @tMe tick to tht wtit-no~tit.
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T“heone aspectof TyphconDot thatdid present
considaable fo&cast difficultywas intensity. In
the twenty-threehour periodbetvieen1500222aml
152342ZCot’s centralsea-levelpressureCkpped frm
969 mb to 903 ti (adecreaseof 66 nb). This trans-
latesto a drop of approximately2.8 Mhour. This
mets and exceedsthe rate of 2.5 Whr (sustained
for at least12 hours)thatHol.lidayand Thmpxa
(1979)used to defineexplosiveintensificaticm
(deepeniwg). JIT?Cuses a technique(Dunnavan,1981),
in which the 700 mb equivalent~tential temperature
(Theta-E,a measureof the tiopicalcyclcne’stienno-
dynamicenergybased m the central700 nb tempera-
ture and dewpoint)and the o?ntralsea-levelare
ccmp=ed pressureto forecastexplosiveintensifica-

tion. ‘_hetechniquecalls for intenstiicatimto
telcw925 mb (hewfar belw can be estimatedfrcxntie
techniquealso)wheneverthe plots of centralsea-
levelpressureand Theta-Einkrsect near the
criticalvaluesof 950 mb and 360 degreesKelvin
(bothvaluesbeing statisticalmeansderivedfran
past intensestorms). Figure3-21-3is a plot
of Dot’scentralsea-levelpressureand Theta-E
duringthe period 140530Zto 180828z. At PointA
(142130Z), the two linesshow a bmdency to inter-
sect (noticeextra~laticn to PointA‘). Hcwever,
PointB (150022z)reflectsa decreasein Theta-E.
Then,at PointC (1506152), this trendreversesard
againextrapolationto PointC‘ would indicate
intersection. Point D (150853Z)shcwaa slight

THETA E Trace
Tropical
Cyclone DOT ?bnth OCT 82 I

.5
!!

15=

F.igum3-21-3. P.Lo.toffD02’A centw..tAea-J?evel
pJLeA&meand centmzl.700 MB equiwuknt pot’zti
.tempeh.aalMetig the pezi.od140530z.tolgo~2tZ
Octobe-t.
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decreasein Theta-Eand m intersection.The next
availableaircraftreconnaissancedata was mt
receivd until 152102z,ad by that tire~t’s
centralsea-levelpressurehad plunnmtedto 906 mb
and the central700 mb temperaturehad soar~ fran
20 Celsiusto 30 Celsius (yieldinga Theta-Eof 372 K
when pairedwith ttrsd~int temperatureof 11
Celsius). This forecastnettx.Y3is a reliablecne
in rmst instances. Hc.wever,TyphconDot demonstrates
a situationwhen tie lackof timly aircraftdata
preventedthe effectiveuse of the technique. In
pst-analysis,if pressure,tenperattme,and dw-
point data had been availablearcwxl1512002it is
a distinct~ssibility that the intersectionof the
centralsea-levelpressureline aridthe Theta-Eline
would have been obserwd.

The reliabilityof tiis forecasttechniquewas
mentionedearlier. Hcn?ever,in edditicnto the
timingprdlem alreadymentioned,a coupleof factors

shouldbe pointedout. Firat,the ccnputaticmof
Theta-Eis very sensitiveto dewpointtemperature
(andto a lesserdegree aubienttemperature).The
dewpointmeasurementis also sensitiveto a sunetimes
non-hcmqenecusdistributionof moisturein the
storm’scenter. Seccmi,a rarerbut scanetire.scan-
plicatingfactoris the ccr@exity ard delicacyof
the dewpoi.nthygrctmterwhich is an alternately
ccol~ heatedmirrorcoupld with a thermistor.
?he &wPoint te~rature is recordedwhen a thin film
of dew form cn the mirror. Malfunction of the
instnnnentoccasionallycncur.

To give the rea%2r an indicationof what @et
not kmavingthat Oot !ms going to explosivelydeepen
had a the intensityforecastscan be seen in Figure
3-21-4. The graph &picts the best trackintensities
(atsix hour intervals)for the pericd 131800zto
1812002ccnparcdto the correspmx3ing12-,24-,48-,
and 72-hcurintensityforecasts. Twelve-hourfore-
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casts for the pericd 151200Zthrough1606002were 20,
15, 15, SIXI10 kt (10,8, 8, and 5 IW’S)lm. For the
sameperiod twenty-fcur hcur forecastswere 30, 20,
35, and 20 kt (15, 10, 18, and 10 II#s)belcw tie best
trackintensities.Fran the graph cne can see that
the 24-hour forecastintensitycurveis very close to
the Dvorak forecastintensitycurve. This is usually
the case sincethe Dvorakmmlel is the main Jl%C
24-hourintensi~ forecasttool. The prcblemwith
~losive intenaificaticnreallystartsshcwingup at
tie 48-hourforecastpericd. ‘l?he48-hourintensity
forecastsduxingthe pericd1518002through1618002
Octc&r were 45, 55, 50, 50, and 35 kt (23,28, 26,
26, aod 18 II#s)tco la% The three72-bcurforecasts
thatwere effectedby the expl=ive deepmhg were
for the period 1618002through170600ZOtt ard were
55, 50, and 35 kt (28,26, and 18 II#S)imo 30W.
After M ha explosivelydeepened,the intensi~
forecastsreflectedthe storm’shigh initial
intensityand the forecasterrorsdacreasadsigni-

ficantlywith the average12-har intensity forecast
error for the pericd 140600Zthrcagh1812002 (18
cases)being 5 kt (3#s) , the average24-hourerror
fw the period 1418002through1812002 (16cases)
being 14 kt (7I#s), the average48-hourerror for
the perio5 151800zthrough1812002(12cases)being
24 kt (12@s) , and the average72-hourerror for the
perird 1618002through181200Z(8cases)being28 kt
(14#s) . The pint beingmade is that a forecaster
doesn’t necessarilyhave to knew 72 hoursaheadof
time thata systemis goingto explosivelydeepen,
butifhe knu?s120r24 houraahead oftime then the
longerrange forecastsmade duringthat pericdwill
reflectthe higherstorm intensityand be mare
accurate.

Figure 3-21-5 shwa SuperTy#Ian Dot at maximm
intensi~ with a well-define3eye d intense.convee
tion confinedto a smallarea aroundthe system.
Aircraftreccrmaissancem the 16th and 17ti of

Figwuz3-21-5. Supn TyphoonfJo.Za.tmar.imvn&&n4-
Ltg wtih a weL.2-d@md ega and &no.U mzhoundi.ng
ting 0{ intenbeconvection(170147ZOcXobctUMSP
U.i.brlat.imaguy).
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Octcber consistentlylccatedthe mxinnnnsurface ClarkAB reportedmax.inmnsustainedwindsof 27 kt
winds 5 to 10 nm (3 to 5 km) frcm the centerafi (14Ms) with a peak gust of 44 knots (23tis). Dot
radar eye diametersof 10 to 15 nm (5 to 8 km). was a very intensetyphom but the damagedone in the

Philippineswas certainlylimitedby the storm’s
Figure3-21-6shcwathe surfacewind circulation smalldiamter of maximvmwind, its smallarea of

patternaroundDot (whileit was southeastof Luzon) intenseconvection,its path of apprcachto Luzon
at 1812002&tcber. Strongwinds extendedout much (thiskept mst of the lcw-levelflewparallelto the
furtherin the rmrthwestsemicirclewhere the surface nmmtainous terrain,reducingorcgraphically-enh~ed
winds were frcm the north to northeast. This in- rainfall), cud the absenceof enhancedkm-level
creased‘fla resultedfran a strongpressuregradient southwestnrmsoalflew.
that existedbetweenDot ati a @ar high-pressure
cell locatednear 40N 11OE. Thefigure also shcws After enteringthe SouthChinaSea labs cn tk
tk absenceof any enhancedlcw-lavelsouthwest 18th crfOctoberwith minimalty@con intensity,Dot
rmnscm flewwer the Southtins Sea. beganregainingorgani7&im overwaterand‘cxmtinued

cn a west-northwesterlytrack. By 213lZ)OZ, the

The threat posed by Super‘TypkonDot causalall Typhom’s intensitypeake5at 90 kt (46u/s) 300 mn
U.S.military installatims in the Philippinesto be (556km) south-scutkastof Hong KOIXJ (VW 45007).
placedin l’rcpicalCycloneCcnditim of ReadinessI Dot weakenedas it churnedacrossthe southerntip of
and resultedin the evacuationof aircraftfranCubi HainanIsland,leavingat leasttwo dead, 2300hcuses
Point t%%Sand Clark AB, ad the mnssnentof several collapsed,ad flocdingin its wake. Crossingthe
shipsfrcm SubicBSy. seventy-four pecples were Gulf of lkmkinin less than a day, it slaum2dinto
r~~ killed,more than 50,000 lefthcmeless,a the coastof NorthVietnam130 nm (241km) SCRM of
damage b buildingsand crcpsestimstedat 1.3 Hanoi (WFS348819). ‘l%efinalwarningon Oot was
millia dollars. NA~ Cubi Pointreported issuedat 220000zas the system.dissipatadover the
a ~.~t of 19 kt (10tis) and net 5, 20WSat Imgg& Umuntainsinland.

. ....

.—

F.igwce 3-?1-6. Sum~aceanalgh.da-t1gJ2002 Octoiwz
~how.i.ngb.?%Ong wkf2 extending oti a gwa.t diA.tance
in the notihw~$ &miti&e and .thtabA encc o~
(convmti.on-enha.need)&xu-.&2uetbotieA.t motioon
@710.
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Figwce3-’,?1-7.SupeA Typhoon Vo.twi,tk85 k.noti(44
m/A) a&tek GILOAAingLuzonand ?ce-.itien.@y.Lngin the
souxhCk&a SQJI(2002272 Octobn VW V.hLd
imagmq).
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l’F!3PICALSTORMELLIS (22W)

TrcpicalStormEllis,which formsdin the wake
of SuperTy@on Dot, provedto be a relatively
short-live5system. Althcmghit did not pass close
enoughto any populatedareasto causesignificant
damage,Elliswas noteworthysinceit presentsda
unioueforecastirwrmblem. 0ri9imlly forecast

This, in ccmbina tionwiti aircraftreconnaissance
which locateda surfacecirculationwith 35 kt
(18tis) at the 1500 ft (457m) levelat 1604582,
prcmptedthe firstwarningon TropicalStormEllis at
160500z. Elliswas forecastto move west-northwest
under the subtropicalridgewhichwas apparentlyw1l

to &we west-nor&w&t urrierthe-subtr-&icalridqe establishedto the north of the system. At 17000OZ
= I&s relativelyclcseto Guam, it &tually Siti
just-after reachingtropicalstorm intensityand pm-

ceaded to mve southwestfor almostthreedays before
dissipatingover water.

‘l’hedisturbancewhichaentually develcped
intoTr@ical StormElliswas firstcbservedas a
curvedband of convectionnear the islandof Ponape
(w&II91348) on 14 Octcber. The ar= was subsWentlY
includedcm the SignificantTropicalWeatherAdvisory
(A6pw~) at 1406002. The systemnwsi west-north-
west and increasedin organizationduringthe next
36-hours. At 1517302,a ‘lrcpicalCycloneFonmticm
Alert (’ICJ?A)was issuedand aircraftreconnsissance
requestedfm the follcwingday.

Interpretationof the 1600002visualsate13ite
imagery,usingthe Dvorakintensitytechnique,
yieldsda surfacewind estimateof 35 kt (18tis).

.--. .—
Ellis slcwedto 3 kt (6 kdhr) as the steeringflcw
soutiof the subtropicalridgeaxis maken~ in
respmse to the passageof a mid-latitudetroughto
the north. The fore-castphilcsophyof continuing
the west-northwesttrackwas mt changedat this
point,as a resumpticmof thatmovementwas expectsd
when the mid-latitudetroughroved northeastward.
In addition,the synopticguidanceappearedto be in
agreementwith this reascming. Figure3-22-1is
FleetNumericalOceanographyCenter’s (FNCX2)700 nb
NumericalVariationalAnalysis(NVA)fieldfor
170000z,which indicatesthe wsak easterlyfl~
aroucdthe subtropicalridgeand the mid-latitude
troughnorthof Ellis. The 400 nb analysisfor the
same time (Figure3-22-2)indicatessimilarfeatures,
exceptthe north-southextentof the subtropical
ridgeis much smaller. Note that the flow nearEllis
is generallywsak and southerly,with wak easterlies
to the north.
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Due to tie uncertainty of thesemid-trc@-
sphericamlyses, syncptictrackaircraftmissions
were requested. The one flcwnbetween03002and
0700Zon 17 Cctcberprovided400 mb winds in the
vicinityof Ellis’ forecasttrack. Figure3-22-3
shcws theseobservatias. In contrastto the NVA
analysis(Figure3-22-2)for that time,the flewis
generallynortherlyto the northand west of Ellis.
The lackof data over water in the westernNorth

Pacificwas probablyrespmsible for the disagree-
mmt betweenthe aircraftobservationsand the NVA
analysisat 400 mb. However,the NVA fran the
follcwingday (180000Z)representeda significant
change;the cbservationsfran the synoptictrack=e
~ !@ agr~ent with tie new anal~is at 400 fi
(seeFigure3-22-4).

In the reantireaircraftreconnaissanceat
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1722002ard 1723452foundthe lcw-levelcirculaticm
centerwell southof the forecasttrack,indicating
Ellis had moved south-southwestduringthe Perid.
At that timeEllis also reachedits maximumintensity
of 50 kt (26tiS). The featurethathelpedto drive
the low- to mid-levelridgingto the wst and roved
Ellis to the south-southwest,was mst probablyan
up~r cold lcat,or cell,in the trcpicalupper-
trcpospherictrough (TUIT). The 200 * a~lYsis for
1900002(seeFigure5–22-5)indicatsdthat the TUIT
cel1 was in closeproximityto Ellis. Satellite
imageryat that time indicatedthatup~-level
outflcwwas suppressedin the west semicircle(see
Figure3-22-7). The lc%- to mid-levelflew remained
northerly,and Ellis continuedits southwestward

track.

At 1912002,Ellis began to weakenas it at-
temptedto nmve under the m cell and ~rienced
increasedverticalshear. By 200000Zthe intensity
had decrease3to 30 kt (15#s) and the low-level
cloud lineshad lostmost of theircurvatuze. The
last warningwas issusdat 2006002.

In retrospct the One-wayTropicalCyclcneModel
(~) presentsda puzzleduringthe initialfore
castson Ellis,becauseof its previousperformance
on SuperTyphocnDot severaldays before. With Dot,
whichalso formedin lti latitudes,~ guidance
repeatedly,and erroneously, &we the systemequa-
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d.lfd! -11

L \ m I 1

40° E 150° 160°

Figwce3-22-5. 1900002Octobu 200 mb anatgh.d
dep.itig the .LocaZionof the Tlllland the
appa-Leu& co.?d.Lau.
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torward. AS a ~encet the ~ (Fig% 3-224) ~
which indicatedsouthwestmvenent for E1lIs,was
highlysuspect. Persistenceand climatologyfavored
a west to northwesttrackthrcughthe southern
MariansIslands. As it turnedout, Ellisnnved
scuthw2at,passingwell souti of the islandof Gimm.
In tiis case the CflKIIguidancewas “right”for tie
“=-” reasma. After-ttefactit was determind
the =f twaremanagersat FleetNuuerical~a~fi
Center that duringthis time the Prtit.iveEquaticn
(PE)model was run insteadof the Navy Operaticx=l

GlobalAtnwsphericPredictionSystem (N3GAPS).Since
the PE mcdelwas heinispheric- not glckal- ~,
when it received the data fields,only foundthe
northernhemispherewith a boundaryat the equatir.
Thus, for a lW latitudesystemslikeEllis and Dot,
CYKP!generateda spuriousvortexdue to the lackof
southernhemispherefields. This causedthe forecast
guidanceto fluctuatewildlyand drive the system
tcwardsthe equator. CYICM,subsequently,was mcdi-
fied to incorporatethe latestsouthernhemisphere
fieldsbeforerunning.
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Fi.gwie 3-22-7. T&op.icaZ stO~ Ef.fiA440 w {~15 km)
60&tk-AoutkeiUX Oi Guam. C- &u& de{ine tkc
ou-t6hwbounchvuj-inthe WI- &niticLe. A.Lthougk
EU d nw tke edge 06 the &vtaU1.teimagag, $ke
ab&ncc 06 W in .tkewtiiexn6emiticle k.GW &t
.tkeauticted ou.t@w a&$t due .totke d.oAe
pkoximitg 06 tke uppct cold&w @.tke,tto .tkewat
(1$23252O&obet VW vi.6ua-timagag].
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TYPHCONFAYE (23W)

Faye was the lastof four tropicalcyclones
to form in Cctcber,a nmnth that mrmally accounts
for five. Its formaticmwas unusualbecauseit was
maskedby two other tropicalcyclcmesalreadyin pro-
gress.

To set the stage,cm 21 &t&r SuperTy&cco
Dot was moving frctnthe SouthChina Sea intoNorth
Vietnam. The l-level southwesterlyflw, thattid
been feadingintoDot, exterdadacrossthe South
ChinaSea into the PhilippineIslands. A day later-
with Dot over lard and dissipating- a freshcutbreak
of polar air frctnthe northeastmoved acrosstie
northernSouthChina S= and Philippines.The lw-
levelconvergenceand cloudinessasacciatedwith the
southwesterlymonscm flw persistedin the southern
PhilippineIslands- (thiswas tie startof Faye).
To the east in the PhilippineSee the remnanb of
Elliswere mbadded in tie westernend of the near-
eguatorialtrcugh. Ellishad been finalld at
(2006002). Although&void of centralcloudiness,it
stillretainedsane cyclonicvorticity. As the
remnants of Ellis driftedWest-northwes&mrd,
satelliteimsgeryat 2212002revealsda resurgenceof
its centralconvection. This renewed activity
resultedin the issuanceof two TropicalCyclone
FormationAlerts (TCFA)at 211200Zand 2203002. The
reinsinsof Ellis,howaver,did not regenerate.

In conjunctionwith the ccntinuedinterestin
Ellis, an aircraftraccmnaissanceinvestigaticm
mission-s scheduledfw the daylighthours cn tie
23rdof Cctober. It locatedeast-southeasterlywinds
at 10 kt (5tis) and a ~ of 1009m% asscda=
with the ‘ICFAarea;hcxwver,as the flightcontinued
ta the west, it discovered35 kt (18tis) winds and
a WLP of 1004mb associatedwith anothercircula-

This prcqted the firstwarningon Trcpical
~~&ssion 23w at 230000z. Up to this time therehad
been nc menticnof thisnew systemin eith3rthe
SignificantTropicalWeatherAdvisory(ABPWFGIW)or
the lY2FAassociati with Ellis. !l%eticpical
depression,once identified,uovd northwes@ard
UIX3erti subtropicalridgeand SICXNIYintensified.
It reachedtropicalstormintensityat 2312002.
Later (2403002), TrcpicalStormFayemade landfall
over centralLuzon 60 nm (111km) northeast of MSIWS
(wM3 98429)with an intensityof 40 kt (21u#s).
Faye trackedto the northwestacrcssLUZUI in 9 hours
and enteredthe SouthChinaSea as a 20 kt (10tis)
trcpicaldepressionsane 130 nm (241km) north-
northwestof Manila. Duringthe next 12-hours,Faye
re-intensifiedover open waterand moved cm to the
northwest. As a consecp3nce& this xmrtlwasterly
movement,Hong Kong (V&2345005)went to l’rcpical
CyclcmeComlitionof Readimss III at 2503032.

Althoo@ , the .?@=D W= f~St to ~ SkWly
to the rmthwest and inteneify, the presenceof
a mid-latitudetragh over mainlati(!hinachanged
that scenario. Faye was upgradedto tropicalstorm
int-iQ’ late cm tie 24th and sl.cwedfurther.
Actually,satellite,radar and b aircraftneccm-
naissancefixesconfirmedthat the systemccapleted
a sndl cyclcnic10CP between2418002and 2518002.
Then Faye turnednortheasWatd ard accelerated
throughthe Luzon Straits. Aircraft-nnsissa~
peripheraldata between2621OOZand 270000zah-
the maximnnsurfacewinds to be in the rrmtheasten..
semicircle. This was due to the increasedpressure
gradientbe- tie lcw centralpressureof Faye
ad the ridge tm the northeastover Japan. Fcx the
next &o days, aftermovingfran the Straits,Faye
slowedagain,coveringonly 140 nm (259km). The
slcwingtrendwas acccnpaniedby intensification.
Faye becamea typhom at 2818002.

With ~con Faye a~roaching, KadenaAB on
the islandof Okinawaset TropicalCycloneC@iticn
of ReadinessIII (at 2909002), and CotiitionII at
3OO31OZ. Duringthis pericdTyphoonFaye was at its
maximumintensityof 100 kt (51tis) and beginning
to accelerabsto the northeast(seeFigure3-23-1).
The clcsest@nt of approschto KadenaAB was 90 nm
(167km) to the southeastat 3019002. EVen though
Faye’sintensityat this tireswas 85 kt (44fls),
the maximmncbserve5windsat KadanaAf3were mly
18 kt (9 lIiS) .

Afterpassirgsouthof the islandof Okinawa,
TyphconFaye ccmtinuedto decressein intensitydue
to the increased strerxgtk of the upper-level west-
erliesand the associatedverticalwind shear. At
3112002,17 hours after its clcaestpoint of approach
to Okinawa,TyphoonFaye was dwngrade5 to a tropical
storm. Faye continuedacosleratingto tie esst-
northeastand transitionalto an extratrcpicallcw
with an intensityof 45 kt (23ds) six hoursbefore
the finalwarningat 0112002.
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TYPHOON

Hope was a late-seasrntyptwcnthatoriginated
at 3ow-latitudein the near-aquatorialtrough. It
was aided in ita ‘initialdevel~nt by the presence
of enhancedlu.wlevelrortheastnrmsconflewand an
associatedshearzone. TyphconHope presentedfore-
cast problem at two differenttis: firstat the
crucialturningpoint frana westwardto a northward
track;and after recurvaturewhen extratrcpical
transiticmwas imninent.

AfterTrcpicalStormGordondissipatedover
Vietnamcm the 25thof November,a winterwsather
patterndcminatedthe northwestPacificarea. Con-
vectiveactivitywas confinedto 1* latitmiesin the
near~torial trough. The disturbance,thatwas to
baccrmTyphoonHcpe,was detectedcm the 13thof
Decenberbe~ ‘rrukand Pohnpei. The disturbance
moved in a generalwesterlydirecticnfor ths next
threedays and shcwedsignscf slew intensification.
Figure3-25-1shaveHqe as a trcpicaldepressicm
locatedapprcximately 90 IKII(167km) east of Yap. Sy
1718002,satellitedata indicatedthe disturbana?had
furtherintensifiedwhilemewingwast-nmXimres_d

IKEE (25W)

aidedby the effectof the shear zone to the north.
Aa a result,the initialwarningwas issued. Between
1718002and 1912002Decenber,Hops nmved northwest
beforecaningunder the full steeringinfluenceof
the mid-levelsubtropicalridgethat ca~ the
systemto assumea westwardtrack.

TrackingHcpe duringthe pericd 191200Z-201200Z
was facilitatedty tha.availabilityof four aircraft
fixea and severalsatelliteeye fixes. TyphconHope
reachedita maximumintensityof 100 kt (52 tis) at
2006002(seeFigure 3-25-2)just thirtyhoura after
the initialwarning. After that,Hope decreased
slightlyin intensityand maintained65-75 kt
(34-39tis) during the pericd2106OOZ-2312OOZ.

After the 2003002warning,the One-way
InteractiveTrcQicalCyclae Mcdel (cYICM)shcwed
definiteindicationsof a recurvature@pa track,
whereasbeforeit had indicateda generallynorth-
westwardtrack. The 0_l?2Mia the primaryforecasting
aid. The NestedTrcpicalCyclcnetkxlel(NlK14)did
not ahcw sigm of recurvature,but did indicatea

F-igtie 3-25-1. Mope aA a .t.tophl dep@.&.ion
appnoximdztg 90 M (167km] ed.t 0( Yap [UMO 91413].
The ~hem zOnQto Zhc notihappamntLy aidedHope’b
devat%ptnen.tby enhancing.th &xo-.Levetnomthti.t@W
[170441ZVecembti NOAA VibUd .imgwy).
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FLgtic 3-25-2. TyphoonHope wilh o..t.@ge nagged ege
neaz time 06 mtium inten.&Ltg 1200551Z Vecembm NOAA
vi&llat .i.nklgvuj).
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northerlytrack. As indicatedin Figure3-25-3,the
~ yieldd gcod forecastguidanceduringthe perio5
191800z-201200zand the NflCT4(Figure3-25-4)gave
fairlygod guidanw duringthe pericd191800Z-
21OOOOZ. CYI_CF2indicateda northwestwardtrackand
r~urvature to the north-northeast(Figure3-25-3)
afterabout48 hours. NICM indicateda trackchange
fran northwestto northward(Figure3-25-4). This
guidancewas integratedinto the 2015002warning.
The trackmade gccd synopticsensesinceit couldbe
interpretedas ~om Hcp movingaroundtie west-
ern peripheryof the mid-levelsubtropicalridge.
The forecastsheld with a curvingtrackthat started
towardthe west-northwest,turnednorth,and became
northeastat abut tie 48 hcur point.

After 201200ZDecember,a sequenceof events
startedthatcausedmajor hack forecastprcblems.
As has been @nted out earlier,after2012002
~ H* @@I to weakenslightlyand the eye
structuredisappearedfrun satelliteimagery. This
resultedin dcubtsabout the exact lccaticmof the

surfacecenterof the typhoon. At 210842z, a 31 hour
~rial beganduringwhich no aircraftfixeswere made
on Typham H- due to aircraftnon-availabilityard
maintenanceproblems. Umlernormalcom3itions,four
aircraftfixes wmuld have been made duringthat time
pericd. Aircraftpositioningof typhconsis the mcst
accura&emethcd availableand is especiallyi.nprtant
at major trackchanges.

i3fter21OOOOZ,the CYICMguidancesteppedthe
recurvaturescenarioand startedshavingjusta
generalncrthwestmvsment (Figure3-25-5). It
indicatsda more westwarddirecticmwith each run of
the ndel. NIt24alsoindicateda northwardtiack
until 21OOOOZ. After that time,it went to a
straightWStward tiack (Figure3-25-6). This
erroneousguidance (ie.the wesixardtrack)reflected
UlKY4and 171CM’sinabilityto forecastin a winter
synopticsituation. With specificrefernceto the
nxdel,strongmiddle-t~~r levelwsterlies
amarentbf caused an early termination of the mcdel-.
IUZLOK (as in this case) misleading guidance.

20’OOZ

&
12s 13+W

+ 122
20106Z

19n8z
JR20Z

1ZOmz

+ +
mlwz

135E
+ 20N

+ 15N

Mo~& (OTCM) {okecabkhck4 dofL
191800Z-210000ZDecembat~howi.ng

F.iwte3-25-3. One-wag&t@ztive TJLop.icu2Cyclone
the p~d
a Re”cwtvaaMe tick.

r’-’+

F.i.gme3-24-5. One-wayin.texativeTkopL2d Cyclone
Uode& [OTCMI ioheca.bt.@uzcbA4ofithe pwiod

125E
20M+

130E 13s
+ 1911sz +

21100Z

,\<

20118Z 20100Z
2on2z

15N+ + +

D 21moz ~/lsz mn2z
Zomoz ~llal

Figuhe3-25-4. #&z&tedTfiophztCycloneMode.t [NTCM)
4oheca-4t tich {oh the pe.&i.od191~OOZ-210000Z
Pecembti.kxoi.ng&viI@ good doaewt tick guidance
in the domn o~ ZJUZCIUwtih not.thu.d movement.

F.igtie3-25-6. Mated TfiopicatlCqcLone Model (NTCM)
~ohWa.4taw.idame{oh -the pa.iod 210bOOZ-220600Z

Wemmh.d thack.
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The final factorleadingup to the forecast
prcblemwas Hcpe’scontinuedvest-northwes~d
movementand decreasingdistancefrcmLuzon. There
was a &finite need to warn of Hcpe’sapproachif
therewas a pcasibilitythat it was going to continue
nmvingwest-northwestand not recurve.

The cdinaticn of theseeventspresentsda
dilemmafor the typhoonforecaster,who had to issue
the 2203002warning. Hc@ was close to the critical
trackturningpoint. It was eithergoing to con-
tinuemovingwest-northwestand make landfallm the
east ccastof Luzon,or startnmvingnorthwardand
recurveas had been forecastfor the past 36 hours.
The forecasterwas presentd with the following
facts: (1)Hope’spositionwas kncwnwithinan
estimatedaccuracyof 60 m (111km) based m poorly
definedinfrared~tellite fixes (nosatelliteeye
fixesor aircraftfixesbeing available);(2)Hcpe
appzed to be continuingm a west-northwesttrack;
(3)the numericalforecastmcdelswere indicatinga
straightwestwardtrackand had not indicatedrecur-
vaturefor about 24 hours;ard (4) therewas a
definiteneed to warn Deparbnentof Defenseinter-
ests m Luzon of Hope’sapproach. After carefully
consideringthe cmbined effest of thesefactors,the
forecasterdecidedto significantlychangethe
forecastphilsophy and forecastTyphconHcpe ti
trackwast-northwestacrossLuzon into the Scmth
China Sea.

Duringthe next six hcurs;hcwever,satellite
fixesitiicatedthatTyphconHcpe was nmvingtcarard

the north. A quick reccverywas n!adem the 2209002
warningwhen the forecasttrackwas switchedback to
me reflettingnorthwardmovement,follcwedby
recurvatureto the northeast,ard decreasinginten-
sity as extratropicaltransitionccmrred. The
warningsover the next two days were accuratewith a
generalconceptof eastwardmovemnt with extra-
trcpicaltransition.The fors.sasttrackshad Hope
acosleratingin sped and movingas far east-north-
east as 27N 149E beforeccarpletingextratropical
transition.

In retrospect,an extratrcpicaltransitionwhere
tk tr~ical cycloneis shearedaway by -r-level
wei$ce”rliesand thendissipatesbelcw 20N wouldhave
been a more representativeforecastfor the finaltwc
days. Clirnatolcgically,thisis what me wcwld
expsctto happenin lateDecamber. In the case of
TyphconHcpe, the 400ubtroughwith nxderatewest-
erliesover southernChinawas super-imposedover
nderate-t~strong anticyclmic flew and cold air
advecticnat the 925 mb level. These featuresare
depictedin Figures3-25-7and 3-25-8. Basedon
thesepatterns,a shearingtype of extratr~ical
transition(follcwsdby a dramaticdecreasein the
systein’sassociatedwind speeds)with m significant
eastwardaccelerationis to be expected. Shearing,
decreasedwind speeds,and m significanteastward
acceleraticmis exactlywhat tippenedafter2400002.
Figure3-25-9shinsthe rsnmdntaof Hope. Therewere
m reported&atha, injuries,or propertydamaue
attributedto this lat&e.eaam t@ho&. - -

Fiym 3-?5-7. 400 mb Numtical Lh?&Cional Ana-Ly&iA
(NVA)a.t‘Z20000ZDecemba i.nakcdtia .i.toughex,tti
&mm nm 60N 130Eto Z2N 107Ewith modena-te
wattzt-?-.itinotiho~ Hope.

F.igusw 3-25-8. 925 mb N!fA ana@iA d ZZOOOOZ
Aktoing modaa.te-$o-btiong an.tic.yc.hnic@W and co~d
tL4Ladvati.an owu ~outhan China.
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TROPICAL S’KR4 IRVING (26W)

F.tgam 3-26-1. Thop&z.L S.totm lfiv.ingwaA one o~ IWO
h.tgti@ant tiopicalcgc..tonti.toOCCLULin the month
06 Decemba. lt j$OM-?d at J%bz WCA.t?JLWOld 0{ th~
&xo-.&tLtadeneak-eqaalokial.Ouxtgh.The paoxim~
06 the &xu-&wet?notihmt motioonand u.Mociated
w.i.ntmgdti ix ihe SouthChinaSea mtiked Dwing’A
.inLtialdevtipmen.t.A.iActa&ttecontihance pfioved
.Gt&tmmen.tat.& 10ca.t.ingthe &xo-.!evelAcula,tion
centezand de6tibing the wind &ie&i o{ J%LA o{{-
AWon .t.topiticyclone. DWI.i.ng’~ wn.@at dme
ovemLzAZ and .Lao-Levet cwmUu.A bpw ate viAib.Lein
the (above).mte5?.iXei.magwy (190Z24ZVecemba UMSP
v.ktd .GnagOq).
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3. NORTH INDIAN OCEAN TROPICAL CYCLONES

Trcpicalcyclae activityin the North Indian iticnseaeon,which normallyencompassesthe peak of
Ccean was abovenormal. Six significanttropical the activity. Tables 3-6 through3-8 prwide a sum-
cyclcnes,all of tr~ical stormintensity,develqed ~ry of info=tim for 1985 * c~rison with
as canparedto tlw climatolcgica1 mean of four. earlieryears.
These systemsoxmrred in the springand fall trams-

TASLE 3-6.

1985 SIGNIFICANT TROPICAL CYCLONES

CALENDAR NUNBER OF MAHMUM BEST TRACK
DAYS OF WARNINGS SURFACE ESTINATED DISTANCE

TROPICAL CYCLONE PERIOD OF WARNING WARNING ISSUED WIND KT -— . fM/S) MSLP MS TRAVSLED NM - (KM~,

TC OlB 23NAY - 25MAY 3 8 60 (31) 979 515 (954)’

TC O2A 29NAY - 31MAY 3 12 50 (26) 987 609 (1128)

TC O3B 90CT - 11OCT 3 7 50 (26) 988 667 (1235)

TC O4B 150CT - 160CT 2 4 50 (26) 987 296 (548)

TC 05B 15NOV - 18NOV 4 12 55 (28) 983 843 (1561)

TC 06B llDEC - 14DEC 4 11 50 (26) 987 1025 (1898)
1

1985,‘TOTALS: 19 54

TABLE 3-7.

1985 SIGNIFICANT TROPIC!!, CYCLONES

NORTH
INDIAN OCEAN

JAN FEB MAR APR NAY JUN JUL AUG SEP OCT NOV DEC TOTAL—— —— —— —. —— .— —

1985 TROPICAL o 0 0 0 2 0 0 0 0 2 1 1 6
CYCLONES

1975 - 1985 .1-- .1 .8 .4 -
AVERAGE

.1 .3 1.1 1.4 .4 4.5

CASES l-- 1 9 4- 1 3 12 15 4 50

FORMATION ALERTS : 5 out of 8 Formation Alerts developed into significant tropical
cyclones. Tropical Cyclone Formation Alerts were issued for all
significant tropical cyclones, except one, that developed during
1985.

WAFU?INGS Number of warning days; 19

Number of warninq days with
two tropical cyclones in region: o

Number of warning days with three
or more tropical cyclones in region: o
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TROPICAL CYCUXE OIB

Tropical Cyclone 03.Swas the firstof tvm
cydcnes to form in theNorth IndianWean during
the Springtransiticmseason. Althcugh only reach-
ing an intensityof 60 kt (31tis), it was ona of
the mxt noteworthystormsof 1985due to tlx?trenwn—
dous lossof life the cyclcnemused in Bangladesh.
An estimated6,000~le died fran the storm,with
an additional300,000~le lefthcmeless. Mxs.tof
the deathawere due to the stormsurge,estinwtd at
15 ft (5m), which completelyinumlatedmsny of the
lcw-lyingislands(DeAngelis,1985).

By lateMay, the Springtransiticmseaacnwas
well uderway in the North ItiianOcean. The south-
west monsoonhad rewed into tie southernBay of
Bengaland was creatinga largeanountof convection
acrossthe region. LSte cn tie 20th of MSy, an area
of convecticmbegan to shcw sane organizationin the
southwestBay of Bengal. This prcnptedthe Signifi-

cant TrcpicalWeatherAdvisory (ARE-iPGIW) b be
reissuedat 2020302to ticludementionof thisdis-
turbance. Duringthe followingnine hourssatellite
imageryshcwed tie disturbancecontinuingto imprwe
in organization.As a result,the ptential for
significanttropicalcyclcnedevelopmentws upgraded
to “fair”cn the 2106OOZSignificantTropicalWeather
Advisory. Subsequentdata continuedto sha SICW
development.An upper-levelanticyclonewas forming
wer the disturbanceand a Dvorakanalysiscf satel-
lite imageryestimatedsurfacewinds of 25 to 35 kt
(13to 18 dS) . This resultedin tAe issuanceof a
‘ICFAat 2221OOZaa the disturbancemoved inti the
centralBay of Bengal.

Since the disturbancewas developingin the
monsom trough (Figure3-03.B-1), there was sam
uncertaintyas to whethera claed suxfacecircu-

F.tgww 3-018-1. The h.op.icd titu.tbance,which
became TILop.icd Cytine OIB d cotio.U&u2ng in the
Oag 06 t?enga.t.E&Xnwted hwqjacewind a-t.thd tie
ate 25 k [13m/A] [220432ZMay DMSP vaka..!.imagehy].
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laticmexistedor the disturbancewas stilla broad
trough. Analysisperformedby the Air ForceGlcbal
WeatherCenter (AFGW2)m satelliteimageryat
2304422quicklysettledthe questicaby estimating
surfacewinds of 45 kt (23n#s), which suppxted a
clcsedsurfacecirculation.Eased co this informa-
tion,the firstwarningon TrcpicalCYCloneOIS was
issue3at 2312002.

‘Iheforecastreasoning for TrcpicalCyclcne
OIB centeredcn the presenceof the monsocntiough.
The initialforecastcalledfor the stormto remsin
in the troughaml move h the north-northeast.This
forest philoac@y provedto be cor=ct, d re-
maineiiunchangedthroughoutthe lifetimeof Tropical
CyclcneOIB. As a result,Bangladeshreceivednearly
a 36 hcur warningof the cyclonesarrival. The only
forecastingclifficultywith Tr@ical CyclcneOIB was
predictingits S-. Based cn satellitefixesof
the pca ly definedcirculationcenterfrcannighttime
infraredimagery,the firat threewarningsindicated
a slcwerforwardspesd thanwas actuallytakimg
place. This was correctedearly cn the 24th,when
visualaatelIite imageryrevealedthe lccaticnof the
lw-level circulaticmcenter (Figure3-OIB-2).

TrcpicalCyclae OIB continuedto intensify,
reachinga pak intensityof 60 kt (31tis) at
241800z. This intensitywas maintaineduntilland-

fall at 2502002justwest of Chittagong,Sangl=esh
(W!@41977). The cyclcnelest organizationfairly
rapidlyas it movcxlinland,but stillbrcughttorren-
tialrainaand extensiveflccdingto the higherele-
vations of Bangladesh and eastern In5ia. The final
warning was issued at 2506002.

The fact that Bangladesh was given advance

warning of the Cyclmes approach was responsible for
the savingof thousandsof lives. TrcpicalCyclone
OIB inflictedthe greatestdamageand deathin the
deltaregicnof the Ganges. Severallcw-lyig
islandswere completelysuherged due to the 15 ft
(5m) stormsurgewhich accanpaniedthe stozmat
landfall. In severalcases the only structuresleft
standingwere concretemulti-stmrysheltersbuilt
after tie 1970 cyclcne (InNovenix=1970,a trcpical
cyclonehit Ba~ladesh and kilkd an esthted
300,000pecple). The islandsof Sandwip,Urir Char
and Bholawere ammg the mst heavilydamaged.
Furtherinland,heavy raina causedsevereflccding
alongBangladesh’sncrtheaatem borderwith Irdia.
Gverflcwingriversaffectedtena of thousandsof
pecple,with the Tripuraand ManipurStateaof India
Eeinganmng the hrdest hit regiona.

Reference:DsAngelis,Dick, 1985:under M
BangladeshCyclone.t4arinersweatherLq, Vol 29,
No. 3, PP. 141-143.
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Figtie 3-O IB-2. Tfiophtl? Cyd.one 01B lah than one
&j ptia to making.2and@flovu Bangtadtih(240351Z
Mug z7MSPUdual Image4g}.
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TROPICAL CY- 02,A

Fi.gwte 3-OZA-I . Tmpicd C@one 02A nea pea&
.in&MAi..@. The tow-levelticu.b%xt cen.ta.i.Ajtix
at the edge o{ the ce.JLOUZL&d MUAA (290533zMug
VMSF’Vi.wa.ti.nlagenff).

F.igwte 3-02A-Z. Night-time moonli.ghl image o~ OM
weakening 066 the wuz coaAt o~ IncUA. The Low-
.teve.tc.dcculation cents & compLaZaiij expo~ed
(301753Z Mw VW vi.4u.7.tiJnagVlgl.
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TROPICAL CYCLONE 03B
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TROPICALCYCI@IE04B

Despitebeing in warningstatusfor only 18
hours,TropicalCyclone04B had a long life. It
was firstdetectedon 9 Cctober,almosta week before
the initialwarningwas issued,as an area of pocrly
organizd convectionin the SouthChim Sea. The
Trcpical Disturbance was developing in the active
mcnsocm trough, midway between Trcpical Cyclone 03B
in the BSy of Serqal, and a disturbance in tie
Philippine Sea that tmuld soon develop into T@XXM
Cecil.

Satellitefixesof an upper-levelcirculatim
center,based cm the extrapolationof cirrusard
convectivecurvature,follwed the progressof the
system55 it moved closerto Vietnam. For the next
two daya, the systemcontinuedto move west-north-
westwardacrosstie SoutheastAsianPeninsula. It
emergedin the An&man Sea latecn tie 12th,stilla
pmrly organizedarea of convection. ‘llhedisturb-
ancesvrsstwardprcgreaswas also reflectedat the
surface,wherea 10 to 15 kt (5 to 8 N#s), 1004nb
lw pressureomter was present.

Duringthe 13thand 14th,the disturbanceturnad
to the northwest,cr~sed the northernM&man Sea
and enteredthe Bay of Bengal. Upper-level support
remained relatively weak and cliffuse. Pasiticning by
satellite imagery, hanpered by mid- to high-level
cloudiness, was accomplished cm these two days nmstly
by analysis of spiral band csxvature ad extrapola-
tion of a poorly defined lcw-level circulatim
center. With conditions favorable for SICW inten-
sifi~tion, the minimum sea-level pressure drcpped
frcm 1004 ub cm the 12th to an estimated 1000 nb late
on the 14th. .Wrface winds shwd a correspcnd~
rise, increasing to 25 kt (13tis). Early forecasts
on the 14th predictedthe systemwould cross the
NorthOrissa-WestBengalCoast lateon the 15th.

Early co the 15th,availabledata sh- little
change. Syncpticdata at 1500002sbcmada 30 kt
(15tis) surfacecirculationin the northcentralBay
of Bengalwith an upper-levelanticyclcnelcca&d
aPProxfitelY 80 rum(148Ian)to the northeast. since
earlierpositionshsd indicatedgreaterseparatim
betweenthe upper-and liner-levelsystems,thismay
have signalsdthe beginningof increas~ organi-
zation. Still,availablesyncpticdab S&xw2dno
furtherdecreasein pressurencx significantincrease
in surfacewitis. on satelliteimagery,the System
remainedbred and cliffuse, shwing littleinprova-
uent in organizationover the paat 24- to 48-hcurs
(Figure3-31-1). Meanwhile,c@stal Banglzdeah,with
freshmenmriesof Tr~ical Cyclme OIB,which killed

ever 6,000people in MSy, bracedfor the current
cyclcnestillexpectedto hit the coast late cn the
15th. Port cities like Chittagong(M 41978),
Khul.na(WM341930)and otherswere aivisedto raise
cautionarysignalsand fishingkm ts were a3vise5b
stay near the coast.

AS 1512002dab becameavailable,it was obvicua
that the systemhad, indeed,developd OV= the past
6- to 12-hcurs. Sync@ic data frcm zhip6 ~ted a
rapidlydevelopingcycloneabout 180 nm (333km) s
outh of Celcutta (WM342809). Mininmmsea-level
pressurewas estimatedto be near 990 * ard wide
had increasedto 45 kt (23 u#s) . At 1515552, an
abbreviated Trcpical CycloneWarningBulletinwas
issuedby J’lW to reflectthe latestdab which
itiicatd a cyclonehad formed. Sy then,more port
citieshad hoistedwarningsignals,lw-lying aresa
were preparingfor a pcssiblestormsurgeof 4 to
7 ft (1 to 2 m) above sea-level,and ntxe fiahing
bratsand trawlerahad soughtshelter.

At 1518002, JTW issti the first ccqlet.e
warning on lkpical ~lone 04B. Subsequentship
rqxxte had indicateda continuedfall in the mean
sea-levelpressureand COnfirmd surfacewinds of
45 kt (23U/S). Satelliteimageryat 1516492shwsd
a dramsticincreasein organizationsud convectia
wer the past 12-hours. fie strcmgeatCCSNecticnwas
alreadycmshore,but the low-levelcirculationcenter
remainedoffshoreand vsislocatedcm I& mxtheast
edge of the strongconvection.

By 1600002,l?rq?icalCyclcme04B had reached
max.imm intcmsityas it made landfallm tk ccest
of Indiaapproxima~ly 55 nm (102km) southof
Balasore(WM342895)ard ebmt 140 nm (259km)
southwestof Calcutta. A largearea of strong
convectionremdned aescciatedwith the system
(Figure3-04B-2), Hwever, shearingconditime had
alreadybegun to disruptverticalorganizaticmand,
as the systemcontinuedto track inland,nme and
nmre convecticmSI%3organizatia were lost. TiB2
final=I@J was issuedat 1612002.

At least38 pople were killed,with war 200
reported still missingaa late aa six days after the
.$to’rm struckthe -St. Most of the missingwere
frcm the eest Indianstateof Orissawhere a village
was completelywashedaway by floodwaters. Heavy
rain-itiucadflcodingcabined with storm-imiuced
high tidesto swaq offshoreislandscutting-off
accessto mre than 500 villages.
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F@ULIZ 3-04%-2. Thop.&a,t Cyct.one048 jti.ta@?l .i.t
mzde landddt OVGI ea.&te.hnIndia. Thcze & a
okma.tk lJM?JLeaAtin ohganiztion ab compahed Zo the
.imaguujin Figuze 3-31-T [ 1603482 Otiobat VM.SPvibd
imagehq).
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TROPICAL CYCMNJZ 05B

Tropical ~clcme 05B formedaa a monsoa depressia cm
the southernperipheryof the monsoontroughapproximably 320
~ (222kUI)e=t-acu~ast of Madras,India. The systemwas
initiallythoughtto be aasociati with a disturbancebat
formalaI the east Indiancoastnear Madras. Hmever, pcst-
analysisof satellitefixesand imageryindicatethat the
firstdisturbanceformednear tk *stem extentof the
nmnaccmtroughcn 1112002,thenwent ashoreon abcut1206002.
Therefore,it was determine3that the firstsystemwas not
part of the disturbmce thateventuallybecauel’rqical
C@one 05B. At 1306002,A amll area of convectioncn the
soutlxxnextsntof the m2msocntroughdwelcped into a cyclcne
Of about 25 kt (13 tiS) . A ‘Km was issud at 131800Zaa the
systemremainedat 25 kt (13tis) and moved eastalcng the
sathern peripheryof the nmnamn trough.A secondTCPA was
issuedat 1418002as the cyclcneremainedat tie same
intenai~ and ccntinue5to mwe east at akcut 9 kt (5&s) .
TrcpicalCyclcna05B ftilly began to intensifyslightlywhen
it reachedthe easternextentof the nmnaocntroughat about
150000z. ~=Y, ~ sya~ s1* ~ -t 6 kt (3
m’s), began to IIKWSnorth,and intensifiedto 35 kta (18nis) ,

PXQ@@J m ls$LHCe of w firstwarr@ at 1506002.

At 1512002, it wss went that l’rcpical Cyclone 05B had
begun tomvetest toward Itia tier theinflwenceof~to
mid-leveleasterliesto the northof the mcnacm trough. At
this paint,The systemcontinued to intensifyslaly and began
to am2derate, tuning to the wst-northkest. Tropical
~1- 05B reacheda maximm intensityof 55 kt (28tis) just
prior to lafifal.1at 170600z,90 run(167I@ ncrthaf Madras.
NO reports of damage or 3.OSSof Iife due to Tropical@clme
05B ware receiti.
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TROPICAL CYCLONE 06B

F.igtie 3-06 B- 1. TJLopieat Cyclone 068 ~otnwd in the
monboon.ttougk,in&n&i@d, and moved notititiamd
U@Wbb %he 8aLj 06 8wga.L. In the b~ut image,
the .?au-levct cumu&A &na that tie ~pi.zat%nginto
-thec&tc.ulW-ioncents can be been alongthe Aou.thcz.n
edge o~ the cen.tza.tdenbe ovehcab$ [1304262Decembm
VMSP v.WO..Linlagelg].
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